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NATURAL  HISTORY, 


ADDITIONS  AND  CORRECTIONS, 


ADDITIONS  to  the  Article  concerning  the 
Formation  of  the  Planets , Vol.  I.  p.  59. 

I. 

On  the  Diflance  of  the  Earth  from  the  Sun. 

IN  p.  59.  I faid,  That  the  Earth  is  fituated 
thirty  millions  of  leagues  from  the  fun . Thi% 

Was  the  general  opinion  of  aftronomers  in  the 
year  1745,  when  I compofed  the  treatife  on  the 
formation  of  the  planets.  But  later  obferva- 
tions,  and  particularly  thofe  derived  from  the 
vol.  ix.  A tranfit 
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tranfit  of  Venus  over  the  fun’s  difk  in  1769* 
fhow,  that  this  diftance  of  thirty  millions  fhould 
be  augmented  three  or  four  millions  of  leagues. 
It  is  for  this  reafon  that,  in  the  Epoques  de  la 
Nature , I have  always  reckoned  the  mean  dif- 
tance of  the  fun  from  the  earth  to  be  thirty- 
three  millions  of  leagues,  inftead  of  thirty.  This 
remark  was  neceffary  to  prevent  the  fufpicion 
of  my  having  contradiâed  myfelf. 

I mud  farther  remark,  that  the  fun  is  not 
only  thirty-three  or  thirty-four  millions  of 
leagues  diftant  from  the  earth,  but,  from  the 
fame  obfervations,  it  has  likewife  been  difco- 
vered,  that  the  volume  of  the  fun  is  a tenth 
part  larger  than  was  formerly  fuppofed  ; and, 
confequently,  that  the  whole  mafs  of  the  pla- 
nets is  only  an  eight  hundredth  part  of  that  of 
the  fun,  and  not  a fix  hundredth  and  fiftieth 
part,  as  I had  advanced  from  the  information 
we  poffeffed  in  the  year  1 745 . This  difference 
ftrengthens  the  probability  that  the  matter  of 
the  planets  was,  proje&ed  from  the  body  of  the 
fun. 
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It, 

Of  the  Matter  of  the  Sun  and  Planets* 

I HAD  remarked,  in  p.  65.  That  the  opaque 
bodies  of  the  planets  were  detached  from  the  lu- 
minous matter  of  which  the  fun  is  compofedi 
Thefe  expreffions  are  not  correct  ; for  the  mat- 
ter of  the  planets,  when  projected  from  the  fun$ 
was  equally  luminous  as  that  of  the  fun  itfelf* 
and  the  planets  became  not  opaque  till  their 
ftate  of  fluid  brightnefs  had  ceafed  : Thé  dura- 
tion of  this  ftate  in  feveral  kinds  of  matter  I de- 
termined by  experiment  5 and,  from  analogy,  I 
calculated  the  continuation  of  this  bright  ftaté 
in  each  of  the  planets*.  Befides*  as  the  tor- 
rent of  matter i projeâed  from  the  body  of  the 
fun  by  the  comet,  traverfed  the  immenfe  atmof- 
phere  of  that  luminary,  it  carried  off  the  vola- 
tile, aqueous,  and  aerial  parts  of  which  the  feas 
and  atmofpheres  of  the  different  planets  are  now 
compofed.  Hence  we  may  conclude,  that  the 
matter  of  the  planets  is  the  fame,  in  every  re-4 
fpe£t,  with  that  of  the  fun,  and  that  there  is 
no  other  difference  but  in  the  degree  of  heat^ 
which  is  extreme  in  the  fun,  and  greater  or 
fmaller  in  the  planets,  according  to  the  com* 
pound  ratio  of  their  thicknefs  and  denfity* 

* See  Epoques  de  là  Nature* 
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III. 

Of  the  Relation  letween  the  Denfity  of  the  Planets 
and  their  Celerity . 

IN  p.  75.  I faid,  that  according  to  this  rela -» 
tion  between  the  celerity  and  denfity  of  the  planets $ 
the  denfity  of  the  earth  ought  not  to  exceed  2o6x7T, 
infead  <3/  400,  which  is  its  real  denfity . The 
denfity  here  afcribed  to  the  earth  is  too  great  with 
relation  to  the  quicknefs  of  its  motion  round  the 
fun,  and  ought  to  be  a little  dimimfhed  for  a rea^ 
fon  whieh  had  formerly  efeaped  me.  The 
moon,  which,  in  this  computation,  fhould  be  re- 
garded as  forming  a part  of  the  earth,  is  lefs  denfe 
in  the  ratio  of  702  to  1000,  and  the  lunar  globe 
is  -/-th  of  the  bulk  of  the  terreftrial.  Hence,  if 
the  moon  were  as  large  as  the  earth,  we  fhould  di- 
minifh  the  denfity  of  the  latter  400  in  the  ratio 
of  1000  to  702,  which  produces  281,  u e , 1 19  of 
diminution  in  the  denfity  400.  But,  as  the  moon 
is  only  TVth  part  of  the  bulk  of  the  earth,  it 
will  produce  only  y_9,  or  2|ths  of  diminution, 
Confequently,  the  denfity  of  our  globe,  with 
relation  to  its  celerity,  inftead  of  2o6T7T,  ought 
to  be  eftimated  at  2o6tts-“|-‘2t>  e • nearly  209. 
Befides,  we  may  fuppofe  that  our  globe,  at  the 
beginning,  was  lefs  denfe  than  it  is  at  prefent* 
and  that  it  is  become  much  more  compact  both 

by 
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by  cooling,  and  by  the  finking  of  vaft  caverns 
with  which  its  interior  parts  abounded.  - This 
opinion  accords  with  thofe  revolutions  which 
happened,  and  ftill  continue  to  happen,  both  on 
the  furface  of  the  earth,  and  even  at  confider- 
able  depths.  By  the  aid  of  this  fa£t,  we  are  en- 
abled to  explain  the  poffibility  that  the  waters 
of  the  fea  were  formerly  2000  fathoms  above 
thofe  parts  of  the  globe  which  are  now  inha- 
bited ; for  thefe  waters  would  ftill  cover  the 
whole  furface  of  the  earth,  if,  by  immenfe  de- 
preflions,  different  parts  had  not  funk,  and 
formed  thofe  receptacles  for  the  waters  which 
at  prefent  exift. 

If  we  fuppofe  the  diameter  of  the  globe  to  be 
2863  leagues,  it  would  be  two  leagues  more 
when  covered  with  2000  fathoms  of  water. 
This  difference  in  the  bulk  of  the  earth,  produced 
by  the  finking  of  the  waters,  gives  an  augmen- 
tation of  a --^-th  part  of  its  denfity.  This  aug- 
mentation of  the  denfity,  or  diminution  of  the 
bulk  of  the  globe,  may  be  doubled,  and  perhaps 
tripled,  by  the  finking  and  overturning  of  moun- 
tains, and  the  confequent  filling  up  of  valleys  ; 
fo  that,  fince  the  waters  fell  upon  the  earth,  its 
denfity  may  be  fuppofed  to  have  increafed  otje 
hundredth  part. 


OF  THE  FORMATION 


6 


IV. 

On  the  Relation  ajfigned  by  Newton  between  the 
Denfity  of  the  Planets  and  the  Degrees  of  Heat  , 
to  which  they  are  expofed . 

IN  p.  145.  I remarked,  that,  not  wit  hjl an  ding 
the  regard  due  to  the  conjectures  of  Newton , I 
cannot  help  thinking  that  the  denfities  of  the  pla- 
nets have  a nearer  relation  to  their  celerities 
than  to  the  degrees  of  heat  to  which  they  are  ex - 
pcfed.  From  calculating  the  a&ion  of  the  folar 
heat  upon  the  planets,  it  appears  that  this  heat, 
in  genera],  is  inconfiderable,  and  that  it  has 
never  produced  any  great  change  in  the  denfity 
of  each  planet  ; for  the  action  of  the  folar  heat» 
which  is  weak  in  itfelf,  has  no  influence  on  the 
denfity  of  the  matter  of  which  the  planets  are 
comppfed,  except  at  their  furfaces.  It  cannot 
a£t  on  the  internal  parts,  hecaufe  it  penetrates 
to  a very  fmall  depth  only.  Hence  the  total 
denfity  of  a planet  has  no  relation  to  the  heat 
tranfmitted  to  it  by  the  fun. 

It  appears  to  be  certain,  therefore,  that  the 
denfity  of  the  planets  has  no  dependence  on  the 
folar  heat,  but,  on  the  contrary,  that  their  denfi~ 
ties  have  a neceflary  relation  with  their  celerities, 
which  laft  increafe  or  diminiih  in  proportion  to 

their 
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their  diftances  from  the  fun.  We  have  feen, 
that,  at  the  general  projection,  the  more  denfe 
parts  were  not  removed  fo  far  from  the  fun  as 
the  lefs  denfe.  Mercury,  which  is  compofed  of 
the  mod  denfe  matter  proje&ed  from  the  fun, 
remained  in  the  neighbourhood  of  that  lumi- 
nary ; while  Saturn,  which  confifts  of  the  light* 
eft  matter,  is  removed  to  a great  diftance  from 
the  fun  : And,  as  the  moft  diftant  planets  re- 
volve round  the  fun  with  greater  celerity  than 
thofe  that  are  nearer,  it  follows,  that  their  den- 
fity  has  a direCt  relation  with  their  celerity,  and 
ftill  more  with  their  diftance  from  the  fun. 
The  diftances  of  the  fix  planets  from  the  fun 
are  as  4,  7,  10,  15,  52,  95  ; and  their  denfities 
as  2040,  1270,  1000,  730,  292,  184.  And,  if 
we  fuppofe  the  denfities  to  be  in  the  inverfe 
ratio  of  the  diftances,  they  will  be  as  2040, 
1160,  889^,  660,  210,  159.  This  laft  rela- 
tion between  their  refpeCtive  denfities  is  per- 
haps more  juft  than  the  former  ; becaufe  it  feems 
to  be  founded  on  the  phyfical  caufe  which  muft 
have  produced  the  difference  of  denfity  in  each 
planet. 
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ADDITIONS  to  the  Article  concerning 
Geography , Vol.  I.  p.  133. 

I. 

On  the  Extent  of  the  Terrefrial  Continents • 

DAGE  134*  I laid,  that  the  longefl  line  which 
can  be  drawn  in  the  ancient  Continent  is 
about  3600  leagues . By  leagues,  I mean  thofe 
ufed  in  the  environs  of  Paris,  which  are  2000 
or  2100  fathoms  long,  and  about  27  of  them 
make  a degree. 

Befides,  though  in  this  article  of  general  geo- 
graphy, I endeavoured  to  reach  that  degree  of 
exa&nefs  which  fubjeâs  of  that  nature  require  ; 
yet  a few  flight  errors  have  efcaped  me.  For 
example,  1.  I have  not  ufed  the  names  adopted 
or  given  by  the  French  to  feveral  parts  of  Ame- 
rica. I uniformly  followed  the  Britifh  globes 
made  by  Senex,  of  two  feet  diameter,  from 
which  my  charts  were  exactly  copied.  The 
Britifh  are  more  juft  than  the  French,  with  re- 
gard to  countries  they  difcover,  or  through  whicfy 
they  travel.  They  preferve  the  original  name 
of  each  country,  or  that  which  was  beftowed  on 
it  by  the  firft  difcoverers.  We,  on  the  contrary, 
often  give  French  names  tp  the  countries  we  vi- 
fit,  which  is  the  çaufe  of  that  obfcurity  in 
the  geographical  nomenclature  of  our  language* 
$ut,  as  the  lines  which  traverfe  the  two  Conti- 
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nents  in  their  greateft  length  are  well  marked, 
in  my  charts,  by  the  two  extreme  points,  and 
feveral  other  intermediate  ones,  whofe  names  are 
generally  adopted,  no  eifential  ambiguity  can 
arife  from  this  circumftance. 

2 . I likewife  neglected  to  give  the  calculation 
of  the  furface  of  the  two  continents,  becaufe  it 
is  eaiily  made  on  a large  globe.  But,  as  many 
perfons  have  exprefied  a defire  to  fee  this  cal- 
culation, I here  fubjoin  that  which  M.  Robert 
de  Vaugondi  transmitted  to  me  at  the  time*. 

From 


* Calculation  of  our  Continent  by  geometrical  leagues 

fquare. 
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From  this  calculation  it  appears,  that,  on  the  left 
of  the  line  of  partition,  there  are  2471092-!  of 
fquare  leagues,  and  2469687  fquare  leagues  on 
the  right  of  the  fame  line  ; and  confequently  that 
the  Old  Continent  conflits  of  about  4940780 
fquare  leagues,  which  is  not  one  fifth  part  of 
the  earth’s  furface. 

In  the  fame  manner,  the  part  on  the  left  of 
the  line  of  partition  in  the  New  Continent,  con- 
tains 10692864-  fquare  leagues,  and  that  on  the 
right  of  the  fame  line  conflits  of  1370926-™; 

Calculation  of  the  Continent  of  America  according  to  the 
fame  meafures. 
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in  all,  about  2 1402 13  fquare  leagues  ; which 
makes  not  one  half  of  the  furface  of  the  Old 
Continent.  As  both  Continents  contain  but 
7080993  fquare  leagues,  their  fuperficies  is  not 
near  one  third  of  the  total  furface  of  the  globe, 
which  is  about  26  millions  of  fquare  leagues. 

3.  I ought  to  have  mentioned  the  fmall  dif- 
ference of  inclination  that  fubfifts  between  the 
two  lines  bv  which  I divided  the  two  Continents. 
I contented  myfelf  with  faying,  that  they  were 
both  inclined  to  the  Equator,  in  oppofite  Tides, 
about  30  degrees,  which  is  not  the  precife  fad:  ; 
for  that  of  the  Old  Continent  is  a little  more 
than  30  degrees,  and  that  of  the  New  a little 
lefs.  If  I had  given  this  explanation,  I fhould 
have  avoided  the  imputation  of  having  drawn 
two  lines  of  unequal  lengths,  under  the  fame 
angle  between  two  parallels  ; which  would  have 
proved,  as  an  anonymous  critic  remarks*,  that  I 
am  unacquainted  with  the  elements  of  geometry. 

4.  I negleded  to  diftinguifh  Upper  from  Low- 
er Egypt;  fo  that,  in  p.  137  and  138,  there  is 
the  appearance  of  a contradidion.  In  the  firft 
of  thefe  paflages,  Egypt  feems  to  be  ranked 
among  the  moft  ancient  lands,  while,  in  the  fé- 
cond, it  is  reckoned  among  the  moft  recent.  I 
was  wrong  in  not  diftinguiftiing,  as  I had  elfe- 
where  done,  Upper  Egypt,  which  is  a very  an- 
cient kind,  from  Lower  Egypt,  which  is  a very 
pew  territory. 


* Lettres  à un  Américain. 
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II. 

Of  the  Form  of  Continents . 

WITH  regard  to  the  figure  of  Continents,  I 
fliall  tranfcribe  a pafiage  from  the  ingenious  au- 
thor of  the  Philofophical  and  Political  Hiftory 
of  the  two  Indies  : 

4 It  is  now  thought  to  be  certain,’  he  remarks, 
* that  the  furface  of  the  New  Continent  is  not 
4 one  half  of  that  of  the  Old.  Belides,  in  their 
4 figure  there  are  fome  ftriking  analogies. — -They 
4 feem  to  form  two  immenfe  bands  of  earth, 
4 which  a rife  from  the  Ar&ic  pole,  terminate  in 
4 the  South,  and  feparated  on  the  Eaft  and  Weft 
4 by  the  ocean  that  invefts  them.  Independent 
4 of  the  ftrudture  of  thefe  two  bands,  and  of  the 
4 counterpoife  or  fymmetry  which  takes  place  in 
4 their  figure  ; it  is  apparent,  that  their  equili- 
4 brium  depends  not  on  their  pofition;  it  is  the 
4 fluctuation  of  the  fea  which  produces  the  ftabi- 
4 lity  of  the  earth.  To  fix  the  globe  on  its  bafe, 
4 it  was  necefiary  to  have  an  element  which,  by 
4 floating  continually  around  this  planet,  fhould 
? counterbalance,  by  its  weight,  the  other  fub- 
4 fiances,  and  reftore  that  equilibrium  which  thq 
4 collifion  of  the  other  elements  might  have  dif- 
4 turbed.  Water,  by  its  fluidity  and  gravity,  is 
f \vell  fitted  to  fupport  that  harmony  and  that 

‘ balance 
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c balance  of  the  different  parts  of  the  globe 
* around  its  centre. 

* If  the  waters  which  Rill  moiften  the  bowels 
4 of  the  New  Hemifphere  had  not  deluged  its 
4 furface,  man  would  foon  have  cut  down  the 
4 woods,  drained  the  marfhes,  and  given  con- 
4 fiftence  to  a watery  foil. — He  would  have 
4 opened  vents  to  the  winds,  and  confined  the 
4 rivers  within  their  banks  ; the  climate,  of 
4 courfe,  would  have  already  been  changed. 
4 But  an  uncultivated  and  thinly  inhabited  he- 
4 mifphere  announces  a recent  land,  while  the 
4 waters  which  environ  its  coafts  ftill  creep 
4 filently  through  its  veins/ 

On  this  fubjefl:  I fhall  remark,  that,  although 
there  is  more  water  on  the  furface  of  America 
than  on  that  of  other  countries,  we  ought  not  to 
conclude  from  this  circumftance,  that  an  internal 
lea  is  contained  in  the  bowels  of  this  new  land. 
We  fhould  only  infer  from  this  number  of  lakes, 
marfhes,  and  large  rivers,  that  America  has  been 
peopled  long  after  Afia,  Africa,  and  Europe, 
where  the  quantity  of  flagnant  waters  is  much 
lefs.  Befides,  a thoufand  other  circumftances 
concur  in  fh owing,  that  the  Continent  of  Ame- 
rica in  general  ought  to  be  regarded  as  new 
land,  in  which  Nature  has  not  had  time  to  ac- 
quire all  her  powers,  nor  to  exhibit  them  by  a 
numerous  population. 
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III. 

Of  the  Terra  Aujlralh , p.  140. 

TO  what  I have  faid  concerning  the  Terra 
Auftralis,I  fhall  add,  that,  within  thefe  few  years, 
new  attempts  have  been  made  to  difcover  it,  and 
that  fome  points  of  it  have  been  found  after  de- 
parting either  from  the  Cape  of  Good  Hope,  or 
from  the  Ifle  of  France  ; but  that  thefe  new 
voyagers  have  uniformly  met  with  thick  fogs, 
fnow,  and  ice,  in  the  46th  or  47th  degree  of 
South  latitude.  After  converfing  with  fome  of 
thefe  voyagers,  and  collecting  all  the  informa- 
tion I could  derive  from  other  fources,  I per- 
ceived that  they  all  agreed  with  regard  to  this 
fa£t,  and  that  they  found  ice  in  much  lower  la- 
titudes than  is  to  be  met  with  in  the  northern 
hemifphere.  They  likewife  uniformly  met  with 
fogs  in  the  fame  latitudes  where  they  found  ice, 
though  it  was  fummer  in  thefe  climates  at  the 
time  the  experiments  were  made.  It  is,  there- 
fore, extremely  probable,  that,  below  the  50th 
degree,  it  will  be  in  vain  to  fearch  for  temperate 
countries  in  the  fouthern  hemifphere,  where  the 
freezing  cold  is  much  farther  • extended  than  in 
the  northern.  The  thick  fog  is  produced  by 
the  prefence  or  neighbourhood  of  the  ice.  This 

fog 
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fog  conflits  of  minute  particles  of  fnow,  which 
are  fufpended  in  the  air,  and  render  it  obfcure  : 
It  often  accompanies  the  great  floating  mafles  of 
ice,  and  reigns  perpetually  in  frozen  regions. 

Befides,  the  Britilh  have  lately  failed  round 
New  Holland  as  well  as  New  Zealand.  Thefe 
fouthern  countries  are  more  extenfive  than  the 
whole  of  Europe.  New  Zealand  is  divided  into 
feveral  iflands  ; but  New  Holland  ought  rather 
to  be  regarded  as  a part  of  Afia,  than  as  an  ifland 
belonging  to  the  Southern  Continent  ; for  New 
Holland  is  only  feparated  from  the  land  of  the 
Papous,  or  New  Guiney,  by  a narrow  lirait,  and 
the  whole  Archipelago,  which  extend  fouthward 
from  the  Philippine  ifles,  as  far  as  the  country  of 
Arnhem  in  New  Holland,  and  toward  the  weft 
and  fouth,  as  far  Sumatra  and  Java,  appears 
to  belong  as  much  to  the  Continent  of  New  Hol- 
land, as  to  the  fouthern  parts  of  Afia. 

Captain  Cook,  who  ought  to  be  regarded  as 
the  greateft  navigator  of  this  age,  and  to  whom 
we  are  indebted  for  an  infinite  number  of  new  dif- 
coveries,  has  not  only  given  a chart  of  the  coafts 
of  Zealand  and  New  Holland,  but  has  likewife 
explored  an  immenfe  trad  of  the  fouth  fea  in 
the  neighbourhood  of  America.  Fie  departed 
from  the  fouth  point  of  America  on  the  30th  of 
January  1769,  and  he  traver-fed  a great  part  of 
the  ocean  under  the  60th  degree,  without  difco- 
Bering  any  land.  From  Captain  Cook’s  chart 
4 we 
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we  may  perceive  the"  great  extent  of  fea  which 
he  explored  ; and  his  tract  demonftrates,  that,  if 
any  lands  exift  in  this  part  of  the  globe,  they  muft 
be  far  removed  from  the  Continent  of  America  ; 
for  New  Zealand,  which  is  fituated  between  the 
35th  and  45th  degrees,  is  very  diftant  from 
America.  But  it  is  ftill  to  be  hoped,  that 
other  navigators,  following  the  tradt  of  Captain 
Cook,  will  traverfe  the  fouthern  ocean  under  the 
50th  degree,  and  that  they  will  difcover  whether 
thefe  immenfe  regions,  which  extend  more  than 
two  thoufand  leagues,  confift  of  land  or  of  fea. 
However,  I do  not  imagine  that  the  fouthern 
regions,  beyond  the  50th  degree,  are  fo  temper 
rate  that  any  advantage  could  be  derived  to  us 
from  the  difcovery  of  them, 

IV, 

Concerning  the  Invention  of  the  Mariner  s Com - 

Ms*  A 153- 

WITH  regard  to  the  invention  of  the  Mariner’s 
Compais,  I have  to  add,  that,  from  the  tefti- 
mony  of  Chinefe  authors,  of  which  M.  le  Roufe 
and  M.  de  Guignes  have  made  an  abridgment, 
it  appears  to  be  certain,  that  the  polarity  of  the 
magnetic  needle  has  been  very  anciently  known 
to  the  inhabitants  of  China.  The  figure  of  thefe 
'i  firft 
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firft  compafles  was  thofe  of  a man,  who  turned 
upon  a pivot,  and  whofe  right  arm  pointed  to 
the  fouth.  The  time  of  this  invention,  accord- 
ing to  certain  Chinefe  chronicles,  was  1 1 15  years 
before  the  Chriftian  æra,  and,  according  to  others* 
2700*.  But  notwithftanding  the  antiquity  of 
this  difcovery,  it  does  not  appear  that  the  Chinefe 
had  ever  derived  from  it'  the  advantage  of 
making  long  voyages. 

Homer,  in  the  Qdyfiey,  tells  us,  that  the 
Greeks  employed  the  loadftone  to  dired  their 
navigation  when  they  went  to  befiege  Troy  ; 
and  this  æra  is  nearly  the  fame  with  that  re- 
corded in  the  Chinefe  Chronicle.  Hence  we 
can  no  longer  doubt*  that  the  diredion  of  thé 
loadftone  toward  the  pole,  and  even  the  ufe  of 
the  mariner’s  compafs  in  navigation*  were  knowrt 
to  the  ancients  at  lead  three  thoufand  years  ago. 


V. 

t 

Of  the  difcovery  of  America , ft.  155. 

To  what  I faid,  p.  155.  concerning  the  difco- 
very of  America,  a critic  of  more  judgment  than 
the  author  of  Lettres  à un  Américain , hâs  ac- 
cufed  me  of  doing  a kind  of  injury  to  the  it,  > 
mory  of  fo  great  a naan  as  Chriftopher  Colum- 

* See  l’Extrait  des  Annales  de  la  China*  par  Mrs.  Roufê 
and  de  Guignes. 
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bus.  c It  is  confounding,’  he  remarks,  i Co-* 
c Iumbus  with  his  Tailors,  to  think  that  he  could 
c believe  the  fea  rofe  toward  the  fky,  and  that 
c they  perhaps  touched  each  other  on  the  fouth- 
‘ ern  part  of  the  globe.’  This  criticifm  is  ex-* 
tremely  juft*  I ought  to  have  foftened  this  fad, 
which  I had  extraded  from  fome  hiftorical  re- 
lation ; for  this  great  navigator,  it  is  to  be  pre- 
fumed, muft  have  had  very  diftind  notions  con- 
cerning the  figure  of  the  earth,  which  he  de- 
rived both  from  his  own  voyages,  and  from  thofe 
of  the  Portuguefe  to  the  Cape  of  Good  Hope 
and  the  Eaft  Indies.  It  is  well  known,  however, 
that  Columbus,  when  he  arrived  at  the  New 
Continent,  thought  himfelf  at  no  great  diftance 
from  the  eaft  coafts  of  Afia.  As  no  man,  at 
that  period,  had  circumnavigated  the  world,  he 
could  not  know  its  circumference,  and  did  not 
imagine  that  the  earth  was  fo  extenfive  as  it  has 
been  demonftrated  by  later  difcoveries.  Be- 
fides,  it  muft  be  acknowledged,  that  this  firft 
navigator  toward  the  weft,  could  not  fail  to  be 
aftonifhed  to  find,  that,  when  below  the  Antilles, 
it  w’as  impofiible  for  him  to  gain  the  fouthern 
regions,  and  that  he  was  continually  forced 
back.  This  obftacle  ftill  fubfifts.  We  cannot, 
in  any  feafon,  fail  diredly  from  the  Antilles  to 
Guiana  ; becaufe  the  currents  are  extremely 
rapid,  and  conftantly  run  from  Guiana  to  thofe 
iflands.  Ships  fail  from  Guiana  to  the  Antilles 
in  five  or  fix  days  ; but  they  require  two  months 

to 
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to  return.  In  order  to  return,  they  are  obliged 
to  make  a large  circuit  toward  the  Old  Conti- 
nent, from  whence  they  direct  their  courfe  to- 
ward the  Terra  Firmâ  of  South  America.  Thefe 
rapid  and  perpetual  currents  from  Guiana  to  the 
Antilles  are  fo  violent  that  they  cannot  be  fur- 
mounted  by  the  aid  of  the  wind  $ and,  as  this 
circumftance  is  unexampled  in  the  Atlantic 
ocean,  it  is  not  furprifing  that  Columbus,  who, 
notwithftanding  all  the  refources  of  his  genius 
and  knowledge  in  the  art  of  navigation,  could 
not  advance  toward  the  fouthern  regions,  fhould 
think  that  fomething  of  a very  extraordinary 
nature  exifted  in  this  place,  and  perhaps  that 
there  was  a greater  elevation  in  this  part  of  the 
lea  than  in  any  other  ; for  the  currents  from 
Guiana  to  the  Antilles  actually  run  with  as  much 
rapidity  as  if  they  defcended  from  a height. 

The  motion  of  the  following  rivers  may 
give  rife  to  the  currents  from  Cayenne  to  the 
Antilles. 

1.  The  impetuous  river  of  the  Amazons* 
whofe  mouth  is  feventy  leagues  broad,  and  its 
direction  more  to  the  North  than  the  South. 

2.  The  river  Quafia  is  likewife  rapid,  has 
the  fame  direction,  and  its  mouth  is  nearly 
a league  wide. 

3.  The  Oyapok  is  fiill  more  rapid  than  the 
Ouaffa,  pafles  through  a greater  tradl  of  land, 
ând  its  mouth  is  nearly  of  the  fame  dimenfion* 

4.  The 
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4.  The  Aprouak  has  nearly  the  fame  extent 
of  courfe  and  of  mouth  as  the  Ouafla. 

5.  The  river  Kaw  is  lefs  extenfive  both  in  its 
courfe  and  mouth  ; but,  though  it  iflues  from  a 
Savannah  about  twenty-five  or  thirty  leagues 
from  the  fea,  it  is  extremely  rapid. 

6.  The  Oyak,  which  is  a confiderable  river, 
divides  into  two  branches  at  its  mouth,  and  forms 
the  ifland  of  Cayenne.  This  river,  at  the  diftance 
of  twenty  or  twenty-five  leagues,  receives  an- 
other called  Oraput  ; it  is  very  impetuous,  and 
derives  its  fource  from  a mountain  of  rocks, 
from  whence  it  defcends  in  rapid  torrents. 

7.  One  branch  of  the  Oyak  runs,  near  its 
mouth,  into  the  river  of  Cayenne  ; and  thefe 
two  rivers,  when  united,  are  more  than  a 
league  broad  3 the  other  branch  exceeds  not  half 
a league. 

8.  The  river  of  Kourou,  which  is  very  rapid, 
and  not  above  half  a league  wide  at  the  mouth, 
without  reckoning  the  Macoufia,  which,  though 
it  furnifhes  much  water,  comes  from  no  great 
diftance. 

9.  The  Sinamari  is  an  impetuous  river  ; it 
comes  from  a great  diftance,  and  its  bed  is  pretty 
narrow. 

1 o.  The  river  Maroni,  though  it  be  very  ra- 
pid, comes  from  a great  diftance.  Its  mouth  is 
more  than  a league  broad,  and,  next  to  the 
Amazon,  it  difcharges  the  greateft  quantity  of 

water. 
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water.  It  gives  rife  to  no  iflands  ; while  the 
mouths  of  the  Amazon  and  Oronoko  are  inter- 
fperfed  with  a great  number. 

II.  The  rivers  of  Surinam,  of  Barbiché,  of 
Eflequebe,  and  fome  others,  till  we  reach  the 
Oronoko,  which  is  a very  large  river. 

By  the  accumulations  of  mud  and  of  earth 
brought  down  from  the  mountains  by  thefe 
rivers,  it  fhould  appear,  all  the  valleys  of  this 
vafl  continent  have  been  formed  ; in  the  middle 
of  the  continent  there  are  fome  mountains,  mod 
of  which  have  formerly  been  volcanoes,  and  are 
not  fufficiently  elevated  to  allow  their  fummits 
to  be  covered  with  fnow  or  ice. 

Hence  it  is  apparent,  that  the  united  force  of 
all  thefe  rivers  gives  rife  to  that  general  current 
of  the  fea  from  Cayenne,  or  rather  from  the 
Amazon,  to  the  Antilles  ; and  that  this  general 
current  extends,  perhaps,  above  fixty  leagues 
from  the  eaftern  coaft  of  Guiana. 
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ADDITIONS  to  the  article , Of  the  Pro** 
du  High  of  Strata , Vol.  I.  p.  15, 

I. 

Concerning  the  Strata  in  different  parts  of  the 

Earth . 

\\T  E have  fome  examples  of  quarries  and 
pits  of  confiderable  depths,  of  which 
the  different  ftrata  have  been  examined  and  de- 
fcribed  ; fuch  as  the  pit  of  Amfterdam,  which 
defcends  232  feet,  and  that  of  Marly-la- ville, 
which  is  100  feet  deep.  Many  other  examples 
might  be  given,  if  obfervers  had  agreed  in  their 
denominations.  But  fome  give  the  name  of  marl 
to  white  clay  ; others  apply  the  term  flint  to 
round  calcareous  ftones  ; and  others  give  the  de- 
nomination of  fand  to  calcareous  gravel.  Hence 
little  advantage  can  be  derived  either  from  their 
refearches  or  their  long  differtations  on  thefe 
fubje£ts  ; becaufe  we  are  under  a perpetual  un-^ 
certainty  with  regard  to  the  nature  of  the  fub- 
ftances  they  defcribe.  We  fhall,  therefore,  con-* 
fine  ourfelves  to  the  following  examples. 

An  excellent  obferver  has  written  to  one  of 
my  friends,  in  the  following  terms,  concerning 
the  ftrata  in  the  neighbourhood  of  Toulon  : 
4 To  the  north  of  the  city  of  Toulon,5  he  re- 
marks, 4 there  is  an  immenfe  quantity  of  ftony 

* matter. 
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matter,  which  occupies  the  declivity  of  the 
chain  of  mountains,  and  ftretches  through  the 
valley  from  eaft  to  weft  ; and  one  part  of  it 
forms  the  foil  of  the  valley,  and  lofes  itfelf  in 
the  fea.  This  ftony  matter  is  commonly  called 
fajfre  ; but  it  is  that  fpecies  of  tufa  which  is 
denominated  marga  toffacea  fifulofa  by  natu- 
ralifts,  M.  Guettard  defired  me  to  furnifh 
him  with  all  the  information  I could  obtain 
concerning  this  fafFre,  as  well  as  fpecimens  of 
the  matter  itfelf,  that  he  might  examine  it, 
and  give  a detail  of  its  qualities  in  his  me- 
moirs. I fent  them  both  5 and  I believe  I have 
fatisfied  him  ; for  he  has  thanked  me  for  the 
information  I communicated.  He  tells  me, 
that  he  is  to  return  to  Provence  and  Toulon  in 
the  beginning  of  May M.  Guet- 

tard, however,  will  probably  give  us  nothing 
new  upon  this  fubjed  ; for  M.  de  Buffon  has 
exhaufted  it  in  the  firft  volume  of  his  Natural 
Hiftory,  under  the  article,  Proofs  of  the  Theory 
of  the  Earth  ; and  it  appears,  that,  in  compo- 
iing  this  article,  he  had  in  his  eye  the  moun- 
tains of  Toulon  and  their  ridge. 
c At  the  commencement  of  this  ridge,  which 
confifts  of  a more  or  lefs  hard  tufa,  we 
find,  in  fmall  cavities  of  the  nucleus  of  the 
mountain,  quantities  of  very  fine  fand,  which 
are  probably  the  balls  mentioned  by  M. 
de  Buffon.  After  breaking  other  fuperficial 
B 4 i parts 
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4 parts  of  the  nucleus,  we  find  numbers  of  fea- 

4 fhells  incorporated  with  the  ftone.  . I 

4 have  feveral  of  thefe  fhells,  the  enamel  of  which 
4 is  well  preferved.  I will  fend  them  foon  to 
* M.  de  Buffon.’ 

M.  Guettard,  who  has  made  more  obferva^ 
tions  of  this  kind  than  any  other  naturalift, 
exprefles  himfelf  in  the  following  terms,  when 
he  treats  of  the  mountains  in  the  neighbourhood 
of  Paris 

4 Below  the  vegetable  foil,  which  exceeds 
4 not  two  or  three  feet,  is  placed  a bed  of  fand 
4 from  four  or  fix  to  twenty,  and  often  thirty 
4 feet  thick.  This  bed  is  commonly  replete  with 
4 ftones  of  the  nature  of  grind-ftone.  ....  In 
4 fome  diftri<fts,  we  meet  with  detached  maffes  of 
4 free-ftone  in  this  fand  bed. 

4 Below  this  fand,  we  find  a tufa,  from  ten 
4 or  twelve,  to  thirty,  forty,  and  even  fifty . feet 
4 thick.  This  tufa  is  not  commonly  of  one 
4 equal  thicknefs.  It  is  frequently  cut  by  dif- 
4 ferent  ftrata  of  fpurious  or  clayey  marl,  of  the 
4 cos  which  the  workmen  call  tripoli , or  of  good 
4 marl,  and  even  by  fmall  beds  of  pretty  hard 
4 ftones.  ....  Under  this  bed  of  tufa  are 
4 found  thofe  which  furnifh  ftones  for  building, 
4 Thefe  beds  vary  in  thicknefs  : At  firft  they 
4 exceed  not  one  foot.  In  fome  diftri&s,  three 

* Lettre  de  M.  BufTy  à M.  Gqenaud  de  Montbeillard, 

foulon,  Avril  1 6,  1775. 
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* or  four  of  them  lie  above  each  other.  They 
c are  fucceeded  by  one  of  about  ten  feet,  both  the 
« furface  and  interior  parts  of  which  are  inter- 
« fperfed  with  moulds  or  impreffions  of  {hells. 

« It  is  followed  by  another  about  four  feet,  which 
4 refis  upon  one  from  feven  to  eight,  or  rather 
4 upon  two  of  three  or  four  feet.  After  thefe 
4 beds,  there  are  feveral  others,  which  together 
4 form  a mafs  of  at  leaft  three  fathoms.  This 
4 mafs,  after  piercing  a bed  of  fand,  is  fucceeded 
4 by  clays. 

4 This  bed  of  fand  is  earthy  and  reddifh,  and 
4 is  from  two  and  a half  to  three  feet  thiclç. 

4 After  this  comes  a bed  of  fpurious  clay  of  a 
4 blueilh  colour  ; it  is  a clayey  earth  mixed  with 
4 fand  ; the  thicknefs  of  this  bed  is  about  two 
4 feet,  and  is  followed  by  another  of  five,  which 
4 confifts  of  a fmooth  black  clay,  the  broken 
4 portions  of  which  are  nearly  as  brilliant  as  jet. 

4 Laftly,  this  black  clay  is  fucceeded  by  a blue, 

4 which  forms  a ftratum  from  five  to  fix  feet 
4 thick.  In  thefe  different  clays  we  find  pyrites 
4 of  a pale  yellow  colour,  and  of  various 
4 figures.  . . The  water  found  below  all  thefe 
4 clays  prevented  us  from  penetrating  any 
4 deeper.' 

The  ftrata  in  the  quarries  of  the  diftridi  of 
Moxouris,  above  the  fuburb  of  Saint- Marceau, 
are  difpofed  in  the  following  order. 


4 1.  Ve<- 


Inches. 
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c i.  Vegetable  foil  - 1 

4 2.  Tufa  - - 12 

4 3.  Sand  - - 18 

4 4.  Yellowifh  earth  - - 12 


4 5.  Tripoli  ; that  is,  a white,  fat, 
compact  earth,  which  hardens 
when  expofed  to  the  fun,  and 
marks  any  fubftance  in  the 
fame  manner  as  chalk  30 

4 6.  Flints,  or  a mixture  of  greafy 
fand  - - 12 

4 7.  Rock  2 

4 8.  A ftratum  of  fmall  ftones,  from 
one  to  two  feet  - 2 

4 9.  Two  ftrata  of  ftone,  which  dif- 
folves  by  the  operation  of  the 
air  and  weather  - 1 

4 10.  Earth  and  gravel  - 16 

4 11.  Free- ftone  - 16 

4 12.  Very  hard  lime- ftone  - 1 

4 13.  A greenifh  ftratum  - 16 

4 14.  A tender  calcareous  ftone,  which 
forms  two  ftrata,  one  of  18 
inches,  and  the  other  of  two 
feet  - - “36 

4 15.  Several  fmall  beds  of  baftard 
calcareous  ftone.  They  pre- 
cede the  fheet  of  water  com- 
mon in  pits.  This  fheet  the 


diggers 
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Feet. 

diggers  are  obliged  to  remove 
before  they  can  obtain  the 
potters  clay,  which  lies  be- 
tween two  waters  *.  In  all  g9 

I have  given  this  fpecimen  for  want  of  a bet- 
ter ; for  the  uncertainties  with  regard  to  the  na- 
ture of  the  different  ftrata  are  apparent.  We 
cannot,  therefore,  be  too  anxious  in  recom- 
mending to  obfervers  to  be  more  exa in  de- 
fining the  nature  of  thofe  materials  they  attempt 
to  defcribe.  They  may  at  leaft  diftinguifh  them 
into  vitrefcent  and  calcareous,  as  in  the  following 
example. 

The  foil  of  Lorrain  is  divided  into  two  great 
zones  : The  eaftern,  which  covers  the  chain  of 
Voges , which  are  primitive  mountains  compofed 
entirely  of  vitrifiable  and  chryftalized  matters, 
as  granite,  porphyry,  jafper,  and  quarts,  difpofed 
in  detached  blocks  or  groups,  and  not  in  re- 
gular ftrata  or  beds.  In  all  this  chain  of  moun- 
tains, there  is  not  the  fmalleft  veftige  of  any 
marine  production  ; and  the  hills  which  pro- 
ceed from  them  confift  of  vitrifiable  fand. 
Where  they  terminate,  and  upon  a continued 
bounding  line  of  their  defcent,  the  other  zone 
commences,  which  is  totally  calcareous,  difpo- 

* Mem,  de  l’Acad.  des  Sciences,  année  1756. 

fed 
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fed  in  horizontal  beds,  and  replete,  or  rather 
completely  formed,  of  fea  bodies  *. 

The  banks  and  beds  of  the  earth  in  Peru  are 
perfedly  horizontal,  and  correfpond  fometimes 
at  a great  diftance  in  different  mountains,  mod 
of  which  are  two  or  three  hundred  fathoms 
high.  They  are  in  general  inacceffible,  and 
often  as  perpendicular  as  walls,  which  gives  us 
an  opportunity  of  perceiving  the  extremities  of 
their  horizontal  ftrata.  When  any  of  them 
happens  to  be  round  and  detached  from  others, 
each  bed  appears  like  a very  flat  cylinder,  or  a 
fedion  of  a cone  of  no  great  height.  Thefe  dif- 
ferent beds,  placed  one  above  another,  and  dif- 
tinguifhed  by  their  colour  and  various  contours, 
often  refemble  a regular  and  artificial  ftrudure. 
In  this  country,  we  fee  the  mountains  perpe- 
tually afluming  the  appearance  of  ancient  and 
fumptuous  palaces,  of  chapels,  of  caftles,  and 
of  domes.  They  are  fometimes  fortifications 
compofed  of  long  curtins,  and  defended  with 
bulwarks.  After  examining  thefe  objeds,  and 
the  correfpondence  of  their  ftrata,  we  can  hardi- 
ly entertain  a doubt,  that  the  circumjacent  land 
has  not,  at  fome  period,  been  really  funk.  It 
appears;  that  thofe  mountains,  whole  bafes  were 
moft  folidly  fupported,  remained  as  monuments 

* Note  communicated  to  M.  de  Buffon,  par  M.  l’Abbé 
Bexon,  March  15th  1777. 
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to  indicate  the  height  which  the  foil  of  thefe 
countries  anciently  pofleffed 

The  mountain  of  Birds,  called  in  Arabic  Gc- 
beliter , is  fo  equal  from  top  to  bottom,  for  the 
fpace  of  half  a league,  that  it  rather  refembles 
a wall  regularly  built  by  the  hands  of  man, 
than  a rock  formed  in  this  manner  by  the  ope- 
ration of  Nature.  The  Nile  wafhes  this  moun- 
tain a long  way;  and  it  is  diftant  from  Cairo  in 
Upper  Egypt  four  and  a half  days  journey  f. 

To  thefe  obfervations,  I fhall  add  a remark 
made  by  mod  travellers,  that,  in  Arabia,  the 
foil  is  of  various  natures.  The  region  neareft 
to  Mount  Libanus  prefents  nothing  but  broken 
and  overturned  rocks,  and  is  called  Arabia 
Petrea . The  removal  of  the  foil,  by  the  move- 
ment of  the  waters,  has  rendered  this  country 
almoft  totally  barren  ; whilft  the  lighter  mud, 
and  all  the  good  earth,  have  been  carried  to  a 
greater  diftance,  and  depofited  in  that  part  of 
the  country  called  Arabia  Felix . Befides,  the 
revers  in  Arabia  Felix,  as  well  as  every  where 
elfe,  are  more  rugged  toward  the  African  fea, 
i,  e.  to  the  weft,  than  toward  the  Red  fea, 
which  is  on  the  eaft. 

* Bouguer,  figure  de  la  Terre,  p.  89, 
f Voyage  du  P,  Vanfleb. 
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II. 

Of  the  interior  Rock  of  the  Globe . 

In  p.  179.  I remarked*  that  folid  rocks  are 
often  fupported  by  beds  of  earthy  clay  y or  fand, * 
which  have  much  lefs  fpecific  gravity . This  is 
the  cafe  with  mof  hills * and  is  eafily  perceived* 
But  y in  high  mountains  y the  fummits  are  not  only 
rocks  y but  thefe  rocks  are  fupported  by  others  ; 
and  this  fruBure  runs  through  fuch  an  extent  of 
country  y where  one  mountain  rifes  out  of  another  y 
that  it  is  difficult  to  determine ■ whether  they  are 
founded  on  earthy  or  of  what  nature  this  earth  is. 
I have  feen  rocks  cut  perpendicularly  for  Jbme 
hundreds  of  feet  ; but  thefe  rocks  refed  upon  other 
rocks  y without  my  being  able  to  perceive  where 
they  ended.  May  we  not  y however  y be  allowed 

to  conclude  from  the  lefs  to  the  greater  ? Since 
the  rocks  of  fmall  mountainsy  the  bajes  of  which 
are  vifibhy  ref  upon  earths  lefs  heavy  and  lefs 
folid  than  foney  is  it  not  reafonable  to  thinky  that 
earth  is  likewife  the  bafs  of  high  mountains  ? 

I acknowledge  that  this  conjedure,  derived 
from  analogy,  is  fufficiently  founded.  The  con» 
jedure  I then  hazarded  was  written  thirty-four 
years  ago.  Since  that  time*  I have  acquired 
ideas  and  colleded  fads  which  convince  me, 

that 
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that  the  great  mountains  couqpofed  of  vitrefcent 
materials,  and  produced  by  the  adion  of  the 
primitive  fire,  are  connected  immediately  with 
the  interior  rock  of  the  globe,  which  is  alfo  a 
vitreous  rock  of  the  fame  kind.  Thefe  great 
mountains  are  a part  of  this  immenfe  rock,  and 
are  only  prolongations  or  eminences  formed 
upon  the  furface  of  the  globe,  at  the  time  of  its 
confolidation.  Hence  we  ought  to  regard  them 
as  conftituent  parts  of  the  original  mafs  of  the 
earth.  But  the  hills  or  fmaller  mountains, 
which  reft  upon  clay  or  vitrifiable  fand,  have 
been  formed  by  the  motion  and  fediments  of 
the  waters,  at  a time  long  pofterior  to  the  form- 
ation of  the  great  mountains  by  the  primitive 
fire*.  It  is  in  thefe  points  or  projetions  which 
form  the  nucleus  of  mountains,  that  the  veins 
of  metals,  though  their  height  be  confiderable, 

* The  internal  parts  of  the  primitive  mountains  which  I have 
penetrated,  either  in  pits  or  in  the  galleries  of  mines,  to  the  depth 
of  twelve  and  fifteen  hundred  feet,  are  entirely  compofed  of  pure 
vitreous  rocky  in  which  there  are  flight  and  irregular  fifTures, 
through  which  the  water  iffues,  and  vitriolic  and  metallic  folu- 
tions.  From  this  faft  we  may  conclude,  that  the  whole  nucleus 
of  thefe  mountains  is  a pure  rock,  adhering  to  the  primitive  mafs 
of  the  globe.  We  indeed  find,  upon  their  fides,  and  upon  the 
margins  of  the  valleys,  mafies  of  clayey  earth,  and  banks  of  cal- 
careous flones,  at  confiderable  depths.  But  thefe  are  only  the 
remains  of  thofe  materials  which  filled  up  the  cavities  of  the 
earth,  and  muft  be  referred  to  the  fécond  epoch  of  Nature; 
Note  communicated  by  M.  de  Grignon  to  M.  de  Bujfon>  Aug . b, 

1 777- . 
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are  not  of  the  higheft  kind,  but  of  a mean 
height,  and  uniformly  arranged,  u e.  they  rife 
by  gradual  elevations,  and  are  connected  with  a 
confiderable  chain  of  mountains,  which  are  oc- 
caftonally  interrupted  by  valleys, 

III. 

Of  the  Vitrification  of  Calcareous  Stibjlances . 

In  page  1 84.  I faid,  that  calcareous  bodies  are 
alone  incapable  of  behig  vitrified , and  feem  to 
fomn  a difiintl  clafs . All  other  fubflances  may  be 
converted  into  glafs . 

I had  not  then  made  thofe  experiments  which 
have  fince  convinced  me,  that  calcareous  fub- 
ftances,  like  all  others,  may  be  reduced  to 
glafs.  To  produce  this  effeâ:,  nothing  more  is 
*necefiary  than  a fire  more  violent  than  that  of 
our  common  furnaces.  I reduced  lime-ftone  to 
glafs  by  a good  burning  glafs.  Befides,  M.  d’Ar- 
cet,  an  able  chymift,  melted  calcareous  fpar, 
without  the  addition  of  any  other  matter,  by 
means  of  a porcelain  furnace  belonging  to  M.  le 
Compte  de  Lauragais.  But  thefe  operations 
were  performed  feveral  years  after  the  publica- 
tion of  my  Theory  of  the  Earth . I knew  only 
that,  in  the  iron  furnaces,  the  light,  white* 
fpungy  matter,  fimilar  to  pumice-ftone,  which 
iiTues  from  them  when  over-heated,  is  nothing 
4 but 
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but  a vitreous  fubftance,  proceeding  from  the 
calcareous  bodies  thrown  into  the  furnace  to 
aftift  the  fufion  of  the  iron  ore.  The  foie  dif- 
ference between  the  vitrification  of  calcareous  and 
vitrefcent  fubftances  is,  that  the  latter  are  imme- 
diately vitrified  by  the  a&ion  of  a violent  fire 
alone;  but  calcareous  bodies,  before  they  are 
vitrified,  pafs  through  a ftate  of  calcination,  and 
form  a line.  But,  like  all  other  fubftances,  they 
vitrify,  even  in  our  common  furnaces,  when- 
ever they  are  mixed  with  vitrefcent  matters, 
efpecially  with  thofe  which,  like  the  aubu’è , or 
flimy  earth,  yield  moft  eafily  to  the  fire.  Hence 
we  may  fafely  conclude,  that,  in  general,  every 
material  of  which  this  globe  is  compofed,  may 
be  reduced  to  its  primitive  ftate  of  glafs,  if  a 
fufficient  degree  of  heat  is  applied» 
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ADDITIONS  to  the  Article  concerning 
Shells , and  other  Productions  of  the  Sea , found 
in  the  interior  Parts  of  the  Earthy  Vol.  I. 
p.  1 88. 

I. 

Of  Fojfil  and  petrified  Shells. 

T?ROM  what  I have  written,  p.  202.  on  the 
fubjeCt  of  the  Italian  letter,  in  which  it  is 
remarked  by  this  author,  that  the  pilgrims  brought 
from  Syria , in  the  time  of  the  Crufades , thofe 
Jhells  peculiar  to  the  Levant , which  are  now 
foimd  petrified  in  France , in  Italy,  and  in  other 
parts  of  Chriflendom , I find  that  I have  not 
treated  M.  de  Voltaire  with  fufficient  refpeCt. 
I acknowledge,  that  I fhould  rather  have  taken 
no  notice  of  this  opinion,  than  revived  it  with 
ajeft,  efpecially  as  humour  is  not  my  talent, 
and  as  this  is  perhaps  the  only  example  of 
pleafantry  in  all  my  works.  M.  de  Voltaire  i$ 
a man  whofe  fuperiority  of  genius  merits  * the 
higheft  regard.  I was  furnifhed  with  this  letter 
at  the  very  time  I was  correcting  the  fheet  which 
contains  the  paflage  in  queflioa.  I read  part  of 
it  only,  imagining  it  to  be  the  production  of 
fome  learned  Italian,  who,  from  mere  hiftorical 

* This  apology  was  publifliedin  the  year  1778. 

3 knowledge, 
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knowledge*  had  followed  his  own  prejudices* 
without  confulting  Nature  ; and  it  was  not  till 
after  my  volume  on  the  Theory  of  the  Earth  was 
printed,  that  I knew  the  letter  was  written  by 
M.  de  Voltaire.  I then  fmcerely  regretted  the 
expreffions  I had  ufed.  This  truth  I thought  it 
incumbent  on  me  to  make  public,  as  well  for  the 
fake  of  M.  de  Voltaire*  as  for  my  own  and  that 
of  pofterity*  to  whom  I would  not  leave  a doubt 
of  thé  high  efteem  Î have  always  had  for  a man 
of  fuch  uncommon  talents,  arid  who  has  done 
fo  much  honour  to  human  nature  and  to  the  age 
in  which  he  lived. 

As  the  authority  of  M.  de  Voltaire  made  an 
impreffion  upon  fome  perfons,  others  have  en- 
deavoured to  difcover  whether  his  objection* 
with  regard  to  the  fhells  found  below  ground* 
has  any  foundation}  Upon  this  fubj'edt,  I fhall 
fubjoin  an  extradt  of  a memoir  which  was  trans- 
mitted to  me,  and  which  appears  to  have  been 
Written  with  that  intention. 

In  traverfing  the  different  prôvinces  of  France* 
and  even  of  Italy,  c I every  where  law,’  le  P* 
Chabenat  Remarks,  4 figured  ftones  ; and,  in  par- 
* ticular  places,  their  number  was  fo  great,  and 
4 .they  were  arranged  in  füch  à manner,  that  it 
4 Wasimpoffiblenottobelatisfied,  thatthefe  parts 
4 of  the  earth  had  formerly  been  covered  with 
4 the  fea.  I faw  fhells  of  every  kind,  which  were 
4 perfedtly  fimilar  both  in  figure  and  fize  to  thofe 
4 which  now  exift.  This  obfervation  was  fuffi^ 

c 2 4 cient 
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* cient  to  convince  me,  that  all  thefe  individuals 

* were  of  different  ages,  but  of  the  fame  fpecies. 

4 I faw  cornua  ammonis  from  half  an  inch  to 
4 near  three  feet  in  diameter,  I faw  cockles  of  all 
4 fizes,  as  well  as  other  bivalves  and  univalves. 

* I likewife  faw  belemnites,  fea  mufhrooms,  &c, 

4 The  form  and  number  of  thefe  figured  ftones 

4 prove,  in  the  mod  inconteftible  manner,  that 
4 they  were  formerly  animals  which  exifted 
4 in  the  ocean.  The  fhells  with  which  the 
4 moulds  are  covered  feem  to  remove  every 
4 doubt  upon  this  fubjedft  ; for,  in  particular  fpe- 
4 cimens,  it  is  equally  luftrous,  frefh,  and  natu- 
4 ral,  as  in  the  diving  animal.  If  feparated  from 
4 the  mould  or  nucleus,  we  could  not  believe 
4 that  it  was  petrified.  The  fame  obfervation  is 
4 applicable  to  many  other  figured  ftones  found 
4 in  that  beautiful  and  extenfive  plain  which 
4 ftretches  from  Montauban  to  Touloufe,  and 
4 from  Touloufe  to  Alby,  as  well  as  to  the  cir- 
4 cumjacent  places.  The  whole  of  this  vaft  plain 
4 is  covered  with  vegetable  foil  from  half  a foot 
4 to  two  feet  thick.  Below  the  foil  there  is  a bed 
4 of  coarfe  gravel  about  two  feet  in  thicknefs* 

4 The  gravel  is  fuccçeded  by  a bed  of  fine  fand, 
4 which  is  nearly  of  an  equal  thicknefs  ; and  the 
4 rock  lies  immediately  under  this  bed  of  fand. 

4 I have  repeatedly  examined  the  gravel  with  the 
4 greateft  attention,  and  I found  it  interfperfed 
4 with  an  infinite  number  of  figured  ftones  of 

4 the 
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4 the  fame  form,  but  of  various  fizes.  I likewife 
4 found  a number  of  fea  hedge-hogs,  and  other 
4 ftones  of  a regular  figure,  and  perfedly  fimi- 
4 lar.  All  thefe  fads  announce,  in  language  the 
4 moft  expreffive,  that  this  country,  as  well  as 
1 many  others,  had  formerly  been  the  bottom  of 
4 the  fea,  which,  by  fome  fudden  revolution,  had 
4 retired,  and  left  its  various  produdions  behind. 
4 I fhall,  however,  fufpend  my  judgment,  on 
4 account  cf  M.  de  Voltaire’s  objedions,  to  re- 
4 move  which,  experience  and  obfervation  mull 
4 be  united.’ 

Le  P.  Chabenat  next  fubjoins  feveral  experi- 
ments, to  prove  that  the  fhells  found  in  the  earth 
are  the  fame  with  thofe  which  ftili  exift  in  the 
fea.  Thefe  experiments  I fhall  not  relate,  be- 
caufe  they  contain  nothing  new;  and  every  man 
is  fatisfied,  that  foffil  and  marine  fhells  are  pre- 
cifely  of  the  fame  nature.  Le  P.  Chabenat  con- 
cludes his  Memoir  with  remarking,  that  4 all  the 
4 fhells  found  in  the  bowels  of  the  earth  are  un- 
4 queftionably  real  fhells,  and  relicks  of  animals 
4 whofe  element  is  the  ocean,  which  had  former- 
4 ly  covered  thefe  countries  ; and,  confequently, 
4 that  the  objedions  of  M.  de  Voltaire  are  ill 
4 founded*.’ 

* Memoir  Manufcrit  fur  les  Pierres  Figurées,  par  le  P, 
Çhabenat.  Mountain,  Oét.  8.3773. 
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II, 

Of  the  Places  where  Shells,  are  founds  p.  204. 

TO  the  enumeration  I have  given  of  the  great 
quantities  of  {hells  found  in  all  parts  of  the  world, 
I might  add  many  particular  obfervations  which 
have  been  communicated  to  me  during  thefe  laft 
thirty-four  years.  I have  received  letters  from 
the  American  iflands,  by  which  I am  affined,  that, 
in  almoft  all  of  them,  ihelis  are  found,  either  pe- 
trified or  in  their  natural  hate,  in  the  interior 
parts  of  the  earth,  and  often  below  the  firft  ftra- 
tum  or  vegetable  foil  In  the  Malouine  iflands, 
M.  de  Bougainville  found  hones  which  divided 
into  thin  plates  or  leaves,  and  upon  which  were 
impreflions  of  fofiil  fhells,  of  a fpecies  unknown 
in  thefe  feas To  the  fame  purpofe  I have 
letters  from  feveral  parts  of  India  and  of  Africa. 
Don  Ulloa  informs  us  f,  that,  in  that  diftridt  of 
Chili  which  extends  from/  Talca  Guano  to  Con- 
ception, different  kinds  of  fhells  are  found  in 
great  numbers,  and  without  any  mixture  of  earth; 
and  that  thefe  fhells  are  ufed  to  make  lime.  He 
adds,  that  this  peculiarity  would  not  be  fo  re- 
markable, if  thefe  fhells  were  found  only  in  low 

* Voyage  Autour  du  Monde,  tom.  1.  p.  100. 

f Tom.  3.p.  314.  de  Ton  Voyage. 
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places,  which  might  be  covered  with  the  fea.  But 
what  is  fingular,  he  remarks,  that  the  fame  heaps 
of  fhells  are  found  in  the  hills  at  the  height  of 
fifty  fathoms  above  the  level  of  the  fea.  I relate 
this  fad:,  not  becaufe  it  is  fingular,  but  becaufe 
it  correfponds  with  all  the  others,  and  is  the 
only  one  known  to  me  concerning  foffil  fhells  in 
this  part  of  the  world,  where  I am  perfuaded 
that  petrified  fhells  will  be  found  as  well  as 
every  where  elfe,  at  heights  much  greater 
than  fifty  fathoms  above  the  level  of  the  fea  ; 
for  the  fame  Don  Uiloa  has  fince  found  petrified 
fhells  in  the  mountains  of  Peru  at  the  height  of 
above  2000  fathoms  ; and,  according  to  M,. 
Kalm,  fhells  are  feer>  in  North  America  upon  the 
tops  of  feveral  hills  : He  tells  us,  that  he  faw 
them  on  the  fummit  of  the  Blue  Mountains, 
They  have  alfo  been  found  in  the  chalk  quarries 
near  Montreal,  in  certain  ftones  near  Lake 
Champlain  in  Canada  *,  and  in  the  moft  north- 
ern regions  of  this  New  Continent  ; for  the 
Greenlanders  believe,  that  the  world  had  been 
drowned  by  a deluge,  and,  in  evidence  of  this 
event,  they  quote  the  fhells  and  the  bones  of 
whales  which  cover  the  mcft  elevated  mountains 
of  their  country  f . 

If  from  this  we  pafs  to  Siberia,  we  fhall  find 
the  fame  proof,  of  the  ancient  abode  of  the 

* Mem.  de  l’Acad.  des  Sciences,  année  1752,  p.  194. 

f Voyage  de  M.  Çr^ntz  ; Eijl.  Gen . des  Voyages,  tom . 19. 
P-  I05* 
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ocean  upon  all  our  Continents.  Near  the  mourn- 
tain  Jenifeik,  there  are  other  mountains  lefs  ele- 
vated, upon  the  fummits  of  which  we  find  heaps 
of  fhells  well  preferved  both  in  figure  and  natu- 
ral colours.  Thefe  fhells  are  all  empty,  and 
fome  of  them  fall  into  powder  as  foon  as  they 
are  touched.  The  fea  of  this  country  produces 
no  Ji hells  fimilar  to  thofe  jound  on  the  tops  of 
mountains . The  largeft  of  thefe  fhells  exceed  not 
an  inch  in  breadth,  and  others  are  very  ffnall 

But  I can  exhibit  fadts  which  are  ftill  more 
obvious.  Every  man,  in  his  own  province,  has 
only  to  open  his  eyes,  and  he  will  fee  fhells  in 
all  places  where  lime-ftqne  is  found,  as  alfo  in 
mofc  clays,  though,  in  general,  marine  produc- 
tions are  more  rare  in  clays  than  in  calcareous 
fubftances. 

In  the  territory  of  Dunkirk,  on  the  top  of 
the  mountain  of  the  Recollets,  near  that  of  Caf- 
fel,  and  at  400  feet  above  the  level  of  the  fea, 
there  is  a horizontal  flratum  of  fhells,  which 
are  fo  clofely  packed  together  that  moft  of  them 
are  broken.  Above  this  ftratum,  there  is  a bed 
of  earth  from  feven  to  eight  feet  deep.  Thefe 
fhells  are  fituated  at  the  diftance  of  fix  leagues 
from  the  fea,  and  they  are  of  the  fame  fpecies, 
with  thofe  found  on  its  coaftf. 

* Relation  de  McfT.  Gmelin  et  Muller;  Hiji.  Gen.  des  Voy - 
ages,  tom.  18.  p.  342. 

f Mem.  pour  la  Subdelegation  de  Dunkerque,  relativement 
à THiltoire  naturelle  de  ce  Canton. 
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In  Mount  Gannelon,  near  Anet,  and  at  fome 
diftance  from  Compiegne,  there  are  feveral 
quarries  of  excellent  lime-ftone.  Between  the 
different  ftrata  of  the  lime-ftone  we  find  gravel 
mixed  with  an  infinite  number  of  fea- fhells,  or 
portions  of  (hells,  which  are  very  light  and 
friable.  In  the  fame  place,  there  are  common 
oy fier- (hells  in  fine  prefervation,  and  extend 
more  than  a league  and  a quarter  in  length.  In 
one  of  thefe  quarries,  there  are  three  ftrata  of 
fhells  in  different  fiâtes.  In  two  of  thgfe  ftrata, 
they  are  fo  much  broke,  that  their  fpecies  cannot  be 
diflinguifhed  : But,  in  the  third,  there  are  orders, 
which  have  fuffered  no  alteration,  but  that  of 
being  exceffively  dried.  The  nature,  figure,  and 
enamel  of  the  fhells,  are  the  fame  as  in  the  live 
animals.  Thefe  fhells  have  acquired  a great 
Jightnefs,  and  eafily  exfoliate.  The  lime-ftone 
quarries  are  fituated  at  the  foot  of  the  mountain, 
and  have  a fmall  declivity.  In  defcending  to- 
wards the  plain,  we  find  oyfters,  which  are 
neither  dried,  nor  have  undergone  any  change, 
but  have  the  fame  weight,  and  the  fame  ena- 
mel with  thofe  which  are  daily  taken  out  of  the 
fea  *. 

In  the  neighbourhood  of  Paris,  thefe  ma- 
rine fhells  are  not  lefs  common.  The  marl 
pits  of  Bougival  furnifh  a kind  of  middle- 

* Extrait  d’une  Lettre  de  M,  Lefchevin  à M„  de  BufFoti  ; 
Çompiegne,  Qft.  8.  1772. 
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fized  oyfters.  They  are  not  entire,  but  cut  in 
different  directions,  and  finely  polifhed.  Near 
Belleville,  where  free-ftone  is  quarried,  we  find 
a mafs  of  fand  in  the  earth,  which  contains 
branched  bodies,  which  may  have  been  corals 
or  madrepores  converted  into  ftone,  Thefe  ma- 
rine bodies  are  not  in  the  fand  alone,  but  in  the 
ftones,  which  likewife  contain  fihells  of  different 
kinds,  as  volutes,  univalves,  and  bivalves  *. 

Switzerland  is  not  lefs  abundant  in  foffil  ma- 
rine bodies  than  France  and  the  other  countries 
we  have  mentioned.  In  Mount  Pilate,  in  the 
canton  of  Lucerne,  we  find  petrified  fea-fhells, 
and  the  bodies  and  relicks  of  fifhes.  In  the  fame 
mountain,  there  are  corals,  and  fiâtes  which 
eafily  exfoliate,  and,  between  the  leaves,  a fifh  is 
generally  found.  Some  years  ago,  the  jaws, 
and  even  entire  heads  of  fifhes,  together  with 
their  teeth,  were  difcovered  f . 

M*  Altman  remarks,  that,  in  one  of  the 
highefl  parts  of  the  Alps,  near  Grindelvald, 
where  the  famous  glaciers  (Gletchers)  are  form- 
ed, there  are  fine  marble  quarries,  wThich  he 
has  reprefented  in  one  of  the  engravings  of 
thefe  mountains.  The  marble  quarries  are  only 
a few  paces  diftant  from  the  glacier.  The  marble 

* Mem.  de  M.  Guettard  ; Acad . des  Sciences , année  1764, 

492. 

f Promenade  au  Mont  Pilate 5 Journal  étranger , mois  de 
Mars  j 1756. 
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is  of  various  colours,  as  white,  yellow,  jafper, 
red,  and  green.  The  marble  is  drawn  on  fledges 
above  the  fnow  as  far  as  Underfeen,  where  they 
are  embarked  to  be  carried  to  Berne  by  lake 
Thorne,  and  afterwards  by  the  river  Are 
Thus  marble  and  calcareous  Hones  are  found, 
at  great  heights,  in  this  part  of  the  Alps. 

M.  Cappeler,  in  making  refearches  on  Mount 
Grimfel,  one  of  the  Alps,  has  remarked,  that 
the  hills  and  fmaller  mountains  which  limit  the 
valleys,  are  moftly  compofed  of  free-ftone,  of 
a grain  more  or  lefs  fine  and  clofe.  The  tops 
of  thefe  mountains  generally  confifi  of  lime- 
fione,  of  various  colours  and  hardnefs.  The 
mountains  more  elevated  than  thefe  calcareous 
rocks,  are  compofed  of  granite  and  other  Hones, 
which  appear  to  be  of  the  nature  of  granite  and 
of  emery.  It  is  in  thefe  granity  Hones  that  rock- 
cryftal  begins  to  be  formed.  But,  in  the  lirne- 
Hone  rocks  below,  we  find  nothing  but  fpar 
and  calcareous  concretions.  In  general,  it  has 
been  remarked,  concerning  fhells  of  every  kind, 
whether  foflil  or  petrified,  that  certain  fpecies 
are  always  found  together,  and  that  others  are 
never  met  with  in  thefe  places.  The  fame  thing 
happens  in  the  ocean,  where  particular  fpecies 
of  tefiaceous  animals  are  conflantly  found  toge- 

* Efîai  de  la  Defcription  des  Alps  Glaciales,  par  M.  Alt- 
man. 
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ther,  in  the  fame  manner  as  certain  plants  al- 
ways grow  together  on  the  furface  of  the  earth*. 

It  has  been  too  generally  believed,  that  there 
are  no  fhells,  or  other  produ&ions  of  the  fea, 
on  the  higheft  mountains.  It  is  true,  that  there 
are  feveral  fummits,  and  a great  number  of  peaks, 
which  are  entirely  compofed  of  granite  and  veri- 
fiable rocks,  and  in  which  no  mixture  can  be  per- 
ceived. Thefe  contain  neither  the  moulds  of  fhells, 
nor  the  relicks  of  any  marine  bodies.  But  there 
is  a much  greater  number  of  mountains,  and 
fome  of  them  very  high,  where  thefe  relicks 
are  to  be  found.  M.  Cofta,  profefior  of  anato- 
my and  botany  in  the  univerfity  of  Perpignan, 
in  the  year  1774,  difcovered,  fome  fathoms  be- 
low the  top  of  Mount  Nas,  fituated  in  the  mid- 
dle of  the  Spanifh  Cerdagne,  and  one  of  the  moft 
elevated  parts  of  the  Pyrennees,  a great  number 
of  lenticular  ftones,  /.  e . blocks  compofed  of 
lenticular  ftones,  and  thefe  blocks  were  of  dif- 
ferent figures  and  different  fizes  ; the  largeft 
might  weigh  from  forty  to  fifty  pounds.  He 
remarked,  that  the  part  of  the  mountain  where 
thefe  lenticular  ftones  were  found,  feemed  to 
have  formerly  funk;  for,  in  this  place,  he  faw 
an  irregular,  oblique  depreffion,  very  much  in- 
clined to  the  horizon  ; and  one  of  its  extremities 
refpeâed  the  top,  and  the  other  the  bottom  of 

* Lettres  Philofophiques  de  M.  Bcurguet,  Biliotb • Raifon- 
née,  mois  d' Avril,  Mai , et  Juin,  1 7 30. 
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the  mountain.  He  could  not  diftindly  perceive 
the  dimenfions  of  this  depreffion,  becaufe  moft 
of  it  was  covered  with  fnow,  though  it  was  the 
month  of  Auguft.  The  banks  of  rocks  which 
furrounded  thefe  lenticular  ftones,  as  well  as 
thofe  immediately  below,  are  calcareous  for 
more  than  a hundred  fathoms.  This  Mount 
Nas,  to  judge  of  it  by  the  eye,  feems  to  be  as 
high  as  Canigou,  and  prefents  no  veftige  of  a 
volcano. 

A thoufand  other  examples  of  marine  fhells, 
found  in  an  infinity  of  places,  as  well  in  France 
as  in  different  parts  of  Europe,  might  be  given. 
But  fuch  an  enumeration  of  particular  fads, 
which  are  already  too  much  multiplied,  would 
fwell  this  work,  without  anfwering  any  ufeful 
ptirpofe.  From  the  whole,  however,  we  can- 
not refrain  from  drawing  this  obvious  conclu- 
fion,  that  all  the  inhabited  parts  of  the  earth 
have  formerly,  and  during  a very  long  courfe 
of  time,  been  covered  with  the  waters  of  the 
ocean. 

I fhall  only  remark,  that  thefe  fea-fhells  are 
found  in  different  Rates.  Some  of  them  are 
petrifadions,  or  ftones  moulded  into  the  form 
of  fhells  ; and  others  are  in  the  fame  Rate  as 
they  Rill  exift  in  the  ocean.  The  quantity  of 
petrified  fhells,  which  are  nothing  but  ftones 
figured  by  fhells,  is  infinitely  greater  than  that 
of  foffil  fhells,  and  they  are  never  found  toge- 
ther. 
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ther,  nor  even  in  places  contiguous  ; it  is  only 
in  the  neighbourhood,  and  fome  leagues  dif- 
tant  from  the  fea,  that  we  find  beds  of  fhells 
in  their  natural  ftate,  and  thefe  are  commonly 
the  fame  with  thofe  which  exift  in  the  adjacent 
feas.  Petrified  fhells,  on  the  contrary,  are 
found,  almoft  every  where,  at  great  diftances 
from  the  fea,  and  on  the  higheft  hills,  many 
fpecies  of  which  belong  not  to  our  feas,  and  feve- 
ral  of  them  have  no  exifting  reprefentatives;  fuch 
as  thofe  ancient  fpecies  we  formerly  mentioned, 
which  only  exifted  when  the  globe  was  much 
warmer.  Of  more  than  a hundred  fpecies  of 
cornua  ammonis,  remarks  one  of  our  learned 
Academicians, with  which  we  are  acquainted,  and 
which  are  found  in  the  environs  of  Paris,  of 
Rouen,  of  Dive,  of  Langres,  and  of  Lyons,  as 
well  as  in  the  Cevernes,  in  Provence,  in  Poi- 
tou, in  Britain,  in  Spain,  and  in  other  countries 
of  Europe,  there  is  but  one  fpecies,  called  the 
'Nautilus  papy r accus , found  in  our  feas,  and  five 
or  fix  others  produced  in  foreign  feas 

* Mem.  de  TAcad.  ces  Sciences,  année,  1722,  p.  242. 


PRODUCTIONS  OF  THE  SEA.  47 


III. 

Of  thofe  great  Volutes  called  Cornua  Ammon  is 9 

and  of  fome  large  Bones  of  terrefirial  Animals * 

IN  p.  2 1 1 . 1 faid,  That  many  fijellffijes  inha- 
bit the  deepefl  parts  of  the  ocean , and  are  never 
thrown  upon  the  coafis  ; authors  have , there- 
fore*y termed  them  Pelafgie,  to  difiinguijh  them 
from  the  other  kinds , which  they  call  Litto- 
rales. It  is  probable  that  the  cornu  ammonis , 
and  fome  other  fpecies  found  only  in  a petri- 
fied fate , belong  to  the  former , and  that  they 
have  been  impregnated  with  fony  matter  in  the 
very  places  where  they  are  df covered.  It  is  alfo 
probable , that  the  fpecie  of  fome  animals  have 
been  extinginfi:ed , and  that  ihefe  fells  may  be 
ranked  among  this  number . The  extraordinary 
fojfil  bones  found  in  Siberia , in  Canada ^in  Ire- 
land^ and  feveral  other  places , feem  to  confirm 
this  conje&ure  ; for  no  animal  has  hitherto  been 
difeovered  to  whom  bones  of  fuch  enormous  fisse 
could pojfibly  belong. 

Upon  this  paffage  I have  to  make  two  import- 
ant ré  marks  : 

x.  That  thefe  cornua  ammonis,  which  are  fo 
different  from  each  other  both  in  figure  an4 

fize* 
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fize,  feem  to  form  rather  a genus  than  a fpecies 
in  the  clafs  of  fhell  animals,  are  really  the  re- 
licks of  fo  many  fpecies  which  have  perifhed, 
and  no  longer  fubfift.  I have  feen  fome  of 
them  fo  fmall,  that  they  exceed  not  a line,  and 
others  fo  large  that  they  were  more  than  three 
feet  in  diameter.  Obfervers  worthy  of  credit 
have  affured  me,  that  they  have  feen  fome 
ftill  larger,  and  particularly  one  of  eight  feet  in 
diameter,  and  one  foot  thick.  Thefe  different 
cornua  ammonis  feem  to  form  diftinâ:  fpecies* 
Some  of  them  are  more  or  lefs  fluted.  They 
are  all  fpiral  ; but  they  terminate  differently/ 
both  at  their  centres  and  at  their  extremities. 
Thefe  animals,  formerly  fo  numerous,  are  no 
longer  found  in  any  of  our  feas.  They  are 
known  to  us  by  their  relicks  only  ; and  the  im«< 
menfity  of  their  number  cannot  be  better  repre- 
fented  than  by  an  example  which  I have  daily 
before  my  eyes.  In  the  iron  mine  near  Etivey, 
(three  leagues  from  my  forge  of  Buffon),  which 
has  been  wrought  150  years,  and  has  lupplied 
the  iron  works  of  Aify  during  all  that  time, 
there  are  fuch  quantities  of  cbrnua  ammonis, 
entire  and  in  fragments,  that  the  greateft  part 
of  the  ore  feems  to  have  been  moulded  in  thefe 
fhells.  The  mine  of  Conflans  in  Lorrain,  which 
fupplies  the  furnace  of  Saint  Loup  in  Franche- 
comte,  is  likewife  entirely  compofed  of  belem* 
Dites  and  cornua  ammonis.  Thefe  lafl  ferrugi- 
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nous  fhells  are  fo  different  in  fize,  that  they 
weigh  from  a drachm  to  two  hundred  pounds*; 
Other  places  might  he  mentioned  where  they 
equally  abound.  In  the  fame  manner,  we  find 
belemnites,  lenticular  ftones,  and  moulds  of 
many  other  fhells,  which  now  no  longer  exift 
in  any  part  of  the  ocean,  though  they  are  al- 
moft  univerfally  diffufed  over  the  furface  of  the 
earth.  I am  perfuaded  that  all  thefe  loft  fpecies 
formerly  fubfifted  during  the  time  that  the  tem- 
perature of  the  earth  and  waters  was  warmer 
than  it  is  at  prefent  ; and  that,  in  proportion  as 
the  globe  cools,  other  fpecies,  which  now  exift, 
will  perilh  like  the  former,  for  want  of  heat 
fufficient  to  fupport  them. 

2.  That  fome  of  thofe  enormous  bones, 
which  I thought  had  belonged  to  , unknown  ani- 
mals, whofe  fpecies  was  fuppofed  to  be  loft, 
have  neverthelefs,  after  the  moft  accurate  exa- 
mination, appeared  to  belong  to  the  elephant 
and  hippopotamus,  but  to  fpecies  of  thefe  animals 
much  larger  than  thofe  which  now  exift.  Of 
land-animals  I know  only  one  fpecies  which  is 
loft  ; and  it  is  that  of  the  animals  whofe  grinding 
teeth,  with  their  juft  dimenfions,  are  reprefent- 
ed  in  plates  CCCII,  CCCIII,  CCCIY.  The 
other  large  teeth  and  bones  which  I have  col- 
lected belonged  to  the  elephant  and  hippopo- 
tamus. 

* Mem.  de  Phyfique  de  M.  Grignon,  p.  378. 
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ADDITIONS  to  the  Article , of  the  Ine- 
qualities of  the  Sin  face  of  the  Earthy  voL  i. 
p.  228. 

I. 

Of  the  Height  of  Mountains . 

\fj  E remarked,  p.  237,  that  the  highef 
mountains  in  the  world  are  the  Cordeliers 
of  America , and  efpecially  that  part  of  them  which 
lies  under  the  Equator , or  between  the  Tropics . 
Our  mathematicians  who  were  fent  to  Peru,  as 
well  as  fome  other  travellers,  have  meafured  the 
height  of  thefe  mountains  above  the  level  of  the 
South  Sea.  Some  of  them  were  meafured  geo- 
metrically, and  others  by  the  barometer,  which, 
being  fubjeâ:  to  little  variation  in  that  climate, 
gives  the  heights  nearly  as  exa£t  as  a geometrical 
meafurement.  The  following  are  the  refults  of 
their  obfervations. 

Heights  of  the  mof  elevated  Mountains  of  the  Pro- 
vince of  tfuiio  in  Pent . 

1 Fathoms. 

Cota-catche,  to  the  north  of  Quito  25 7° 

Cayambe'-orcou,  under  the  Equator  303a 

Pitchinçha* 
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Fathoms. 

Pitchincha,  a volcano  in  1539,  1577,  and 


1660  - - 2430 

Antifana,  a volcano  in  1590  - 3020 

Sinchoulogoa,  a volcano  in  1660  2570 

Illinica,  fuppofed  to  be  a volcano  2717 

Coto-paxi,  a volcano  in  1533,  1742,  and 

1744  - - - 2950 

Chinboraço,  a volcano;  the  date  of  its 

eruption  unknown  * 3220 

Cargavi-rafo,  a volcano  in  1698  24 50 

Tongouragoa,  a volcano  in  1641  2620 

El-altan,  one  of  the  mountains  called  Coil- 

lanes  - 2 730 

Sanguaï,  a volcano  which  has  burnt  fmce 
the  year  1728  - - 2680 


By  comparing  the  heights  of  the  mountains 
of  South  America  with  thofe  of  our  Continent, 
we  will  perceive  that,  in  general,  they  are  one 
fourth  part  higher  than  the  mountains  of  Eu- 
rope, and  that  almofi:  the  whole  of  them  have  been 
and  actually  are  volcano’s.  But  even  the  higheft 
mountains  in  the  interior  parts  of  Europe,  Afia, 
and  Africa,  have  been  extinguifhed  long  beyond 
the  record  of  hiftory.  It  is  true,  that,  in  feveral 
of  thefe  laft  mountains,  we  evidently  recognife 
the  ancient  exiftence  of  volcano’s,  as  well  by 
the  black  and  burnt  fides  of  precipices,  as  by 
tfie  nature  of  the  matters  which  furround  them, 
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and  which  extend  along- the  ridges 'of  the  moun- 
tains. But,  as  thefe  mountains*  are  fituated  in  the 
interior  parts  of  Continents,  and  now  very  di- 
ftant  from  the  fea,  the  adion  of  the  fubterrane- 
ous  fires,  which  cannot  produce  great  effeds  but 
by  the.fhock  of  water,  ceafed  after  the  feas  re- 
tired. It  is  for  this  reafon,  that,  in  the  Corde- 
liers, whofe  roots  may  be  faid  to  border  upon  the 
South  Sea,  mofl  of  the  peaks  are  adual  volcano’s  ; 
while  the  volcano’s  of  Auvergne,  Vivarais, 
Languedoc,  Germany,  Switzerland,  &c.  in  Eu- 
rope, and  thole  of  Mount  Ararat  in  Afia,  and  of 
Mount  Atlas  in  Africa,  have  long  been  abfo- 
lutely  extind. 

The  height  at  which  vapours  freeze  is  about 
2400  fathoms  in  the  Torrid  Zone,  and  about 
1500  in  France.  The  tops  of  high  mountains 
fometimes  furpafs  this  line  from  800  to  900 
fathoms,  and  all  this  fpace  is  covered  with  fnow 
which  never  melts.  The  higheft  clouds  rife  not 
above  300  or  400  fathoms  above  thefe  moun- 
tains, and  confequently  exceed  the  level  of  the  fea 
about  3600  fathoms.  Hence,  if  the  mountains 
were  ftill  higher,  we  fhould  fee,  in  the  Torrid 
Zone,  a belt  of  fnow  commencing  at  2400  fa- 
thoms above  the  level  of  the  fea,  and  terminating 
at  3500  or  3600  fathoms,  not  on  account  of  the 
ceffation  of  the  cold,  which  augments  in  propor- 
tion to  the  elevation,  but  becaufe  the  vapours 
would  not  rife  higher  *, 

* Mem.  del’ Acad.  des  Sciences,  année  1744. 
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M.  de  Keralio,  a learned  philofopher,  has  col- 
lected the  heights  of  the  mountains  in  feveral 
countries,  from  the  meafurements  of  different 
perfons. 

In  Greece,  M.  Bernoulli  determined  the  height 
of  Mount  Olympus  to  be  1017  fathoms.  Hence 
the  fnow  cannot  lie  upon  it  perpetually  ; neither 
can  fnow  lie  conftantly  on  Pelion  in  Theflaly, 
nor  on  Cathalylium  and  Cyllene;  becaufe  the 
height  of  thefe  mountains  does  not  rife  to  the 
freezing  degree.  M.  Bougner  affigns  2500  fa- 
thoms as  the  height  of  the  Peak  of  Teneriff,  the 
top  of  which  is  always  covered  with  fnow. 
Mount  Ætna,  the  Norwegian  Mountains,  the 
Hemus,  the  Athos,  the  Atlas,  the  Caucafus,  and 
feveral  others,  fuch  as  Mounts  Ararat,  Taurus, 
and  Libanus,  are  perpetually  covered  with  fnow, 
near  their  fummits. 

Fathoms. 

Pontoppidan  informs  us,  that  the  high- 
eft  mountains  of  Norway  are  3000 

Notâj  This  meafure,  as  well  as  the  follow- 
ing, appears  to  be  exaggerated. 

According  to  M.  Brovallius,  the  higheft 
mountains  of  Sweden  are  - 2333 

The  following,  according  to  the  Memoirs 
of  the  Academy  of  Sciences,  are  the 
higheft  mountains  of  France. 

Le  Cantal  - - - 984 

Mount  Ventoux  - * - 1036 

P3  Le 
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Fathoms. 


Le  Canigou  of  the  Pyrennees  - 1441 

Le  Mouflec  - - 1253 

Le  Saint  Barthélemy  - - 1184 

The  Mountain  of  Gold  in  Auvergne,  an 

extinguifhed  volcano  - 1048 

According  to  Mr.  Needham,  the  height  of 
the  mountains  of  Savoy  are, 

The  Convent  of  St.  Bernard  - 1241 

The  Rock  to  the  fouth  of  St.  Bernard  1 2 74 

Mount  Serene  - - 1282 

L’Allee  Blanche  - - 1 249 

Mount  Tourne  - - 1683 

According  to  M.  Facio  de  Duiller,  Mount 

Blanc,  or  the  Curfed  Mountain,  is  22 13 


It  is  certain,  that  the  chief  mountains  of  Swit- 
zerland are  higher  than  thofe  of  France,  Spain, 
Italy,  and  Germany.  Several  learned  men  have 
afcertained  the  height  of  thefe  mountains. 

The  greateft  part  of  thefe  mountains,  accord- 
ing to  M.  Mikhéli,  as  the  Wetter-horn,  the 
Schreck-horn,  the  Eigheff-Schneeberg,  the  Fifh- 
er-horn,  the  Stroubel,  the  Fourke,  the  Louk- 
marier,  the  Crifpalt,  the  Mougle,  the  ridge  of 
Baduts  and  Gottard,  are  from  2400  to  2750  fa- 
thoms above  the  level  of  the  fea.  But  thefe  mea- 
fures,  I fufpeT,  are  too  high,  efpecially  as  they 
exceed,  by  one  half,  thofe  given  by  Caffini, 
Scheuthzer,  and  Mariotte,  which  may  be  eftima- 
ted  too  low,  but  not  to  this  extent.  My  fufpicion 
is  farther  confirmed,  by  confidering  that,  both  in 

the 
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the  cold  and  temperate  regions,  where  the  air  is- 
always  troubled  with  dorms,  the  barometer  is 
fubje£t  to  fo  great  variations,  that  its  refults  can- 
not be  traded* 

' ' ■ • ■ 

II. 

Of  the  Direction  of  Mountains. 

IN  vol.  i.  p.  240.  I remarked,  that  the  direction 
of  the  great  mountains  of  America  is  from  north  to 
fouth , and  that  thofe  of  the  Old  Continent  run 
from  weft  to  eaft.  This  lad  aflertion  requires  to 
be  modified;  for  though,  at  fird  fight,  we  may 
follow  the  mountains  as  far  as  China,  by  pafling 
from  the  Pyrennees  in  Auvergne,  to  the  Alps  in 
Germany,  and  in  Macedonia,  to  Caucafus  and 
other  mountains  of  Ada,  as  far  as  the  Tartarian 
fea;  and  though  Mount  Atlas,  in  the  fame  man- 
ner, appears  to  traverfe  the  Continent  of  Africa 
from  wed  to  ead,  the  middle  of  this  vad  penin- 
fula  may  dill  confid  of  a chain  of  high  moun- 
tains dretching  from  Mount  Atlas  to  the  Moun- 
tains of  the  Moon,  and  from  thefe  to  the  Cape 
of  Good  Hope:  In  this  view,  the  middle  of  the 
Continent  of  Africa  may  be  confidered  as  con- 
fiding of  mountains  which  run  from  north  to 
fouth  through  its  whole  extent,  like  the  moun- 
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tains  of  America.  Thofe  parts  of  Mount  At- 
las which  traverfe  Africa  from  weft  to  eaft, 
fhould  be  confidered  as  branches  only  of  the 
principal  chain.  The  mountains  of  the  Moon, 
which  run  from  weft  to  eaft,  may  likewife  be 
regarded  as  collateral  branches;  and,  if  there  are 
no  volcano’s  in  this  prodigious  range  of  moun- 
tains, it  may  be  owing  to  the  vaft  diftance  of 
the  fea  from  the  middle  regions  of  Africa  ; 
whilft,  in  America,  the  fea  is  very  near  the  foot 
of  the  high  mountains,  which,  inftead  of  occu- 
pying the  middle  of  the  peninfula  of  South 
America,  are  all  fituated  to  the  wreft  ; and  the 
extenfive  low  lands  are  entirely  on  the  eaft  fide. 

The  great  chain  of  the  Cordeliers  are  not 
the  only  mountains  of  America  which  run  from 
north  to  fouth.  In  the  territory  of  Guiana, 
about  one  hundred  and  fifty  leagues  from  Cay- 
enne, there  is  a chain  of  pretty  high  moun- 
tains, which  alfo  extends  from  north  to  fouth. 
On  the  Cayenne  fide,  this  chain  is  fo  fteep,  that 
thefe  mountains  are  almoft  inacceflible.  This 
fteepnefs  feems  to  indicate,  that,  on  the  other 
fide,  the  declivity  is  gentle,  and  confifts  of  fine 
land.  The  tradition  of  the  country,  according- 
ly, or  rather  the  teftimony  of  the  Spaniards,  is, 
that,  beyond  the  mountains,  there  are  populous 
nations  of  favages  united  into  regular  focieties. 
It  is  likewife  faid,  that  there  is  a gold  mine  in 
thefe  mountains,  and  a lake  in  whiçh  grains  of 

gold 
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gold  are  found  : But  this  fa£t  requires  con- 
firmation. 

In  Europe,  the  chain  of  mountains  which  be- 
gins in  Spain,  and  pafles  through  France,  Ger- 
many, and  Hungary,  divides  into  two  great 
branches,  one  of  which  extends  into  Afia  by 
the  mountains  of  Macedonia,  Caucafus,  &c. 
and  the  other  branch  ftretches  from  Hungary 
into  Poland  and  Ruffia,  and  extends  as  far  as 
the  fources  of  the  Wolga  and  Borifthenes;  and, 
ftretching  ftill  farther,  it  joins  another  chain  in 
Siberia,  and  terminates  in  the  north  fea  to  the 
weft  of  the  river  Oby.  Thefe  chains  of  moun- 
tains ought  to  be  regarded  as  one  continued 
ridge,  from  which  feveral  large  rivers  derive 
their  fources  : Some  of  thefe  rivers,  as  the  Ta- 
gus, and  the  Doura  in  Spain,  the  Garonne  and 
the  Loire  in  France,  and  the  Rhine  in  Germany, 
empty  themfelves  into  the  ocean  ; others,  as  the 
Oder,  the  Viftula,  and  the  Niemen,  fall  into 
the  Baltic  fea  ; others,  as  the  Dwina,  fall  into 
the  White  Sea,  and  the  river  Petzora  empties 
itfelf  into  the  Frozen  fea.  On  the.eaft  fide,  this 
chain  of  mountains  gives  rife  to  the  Yeucar  and 
Ebre  in  Spain,  to  the  Rhone  in  France,  and  to 
the  Po  in  Italy,  which  falls  into  the  Mediter- 
ranean; to  the  Danube  and  Don,  which  lofe 
themfelves  in  the  Black  Sea;  and,  laftly,  to  the 
Wolga,  which  falls  into  the  Cafpian. 


Norway 
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Norway  is  full  of  rocks  and  groups  of  moun- 
tains. There  are  plains,  however,  which  ex- 
tend, without  interruption,  fix,  eight,  and  ten 
miles.  Their  dire&ion  is  not  from  weft  to  eaft, 
like  that  of  the  other  European  mountains.  On 
the  contrary,  they  ftretch,  like  the  Cordeliers, 
from  fouth  to  north*. 

In  the  fouth  of  Afia,  from  the  illand  of  Cey- 
lon to  Cape  Comorin,  there  is  a chain  of  moun- 
tains which  feparates  Malabar  from  Coroman- 
del, traverfes  the  Mogul  country,  joins  Mount 
Caucafus,  ftretches  through  the  country  of  the 
Calmucks,  and  terminates  in  the  North  Sea  to 
the  eaft  of  the  Irtis.  Another  chain  extends 
from  north  to  fouth  as  far  as  Razatgat  in  Ara- 
bia, and  may  be  traced,  at  fome  diftance  from 
the  Dead  Sea,  as  far  as  Jerufalem  : It  furrounds 
the  extremity  of  the  Mediterranean,  and  the 
point  of  the  Black  Sea,  from  which  it  traverfes 
Ruffia,  and  terminates  in  the  North  Sea. 

We  may  likewife  remark,  that  the  mountains 
of  Indoftan  and  thofe  of  Siam  run  from  fouth 
to  north,  and  both  unite  with  the  rocks  of  Thi- 
bet and  Tartary.  Each  fide  of  thefe  mountains 
prefents  a different  feafon:  On  the  weft,  they 
have  fix  months  of  rain,  while,  on  the  eaft, 
they  enjoy  the  fineft  weather f. 

* Hift.  Nat.  de  Norwege,  par  Pontoppidan.  Journal  étranger* 
mois  d' Août , 1755. 

Hift.  Phil,  et  Polit,  tom.  ii.  p.  46. 


AU 


THE  EARTH’S  SURFACE.  59 

All  the  mountains  of  Switzerland,  as  thofe 
of  the  Vallefe  and  the  Grifons,  thofe  of  Savoy, 
Piedmont,  and  Tirai,  form  a chain,  which  ex- 
tends, from  north  to  fouth,  as  far  as  the  Me- 
diterranean. Mount  Pelade,  which  is  fituated 
in  the  centre  of  Lucerne,  nearly  in  the  centre 
of  Switzerland,  forms  a chain  of  about  fourteen 
leagues,  extending  from  north  to  fouth  as  far 
as  the  canton  of  Bern. 

We  may  therefore  conclude  in  general,  that 
the  greateft  eminences  of  this  globe  are  fituated 
from  north  to  fouth,  and  that  thofe  which  run 
in  other  diredions  ought  to  be  regarded  as  col- 
lateral branches  only  of  thefe  primitive  moun- 
tains : And,  it  is  partly  by  this  difpofition  of 
the  primitive  mountains,  that  all  the  points  or 
terminations  of  continents  are  either  fouth  or 
north  ; as  appears  from  the  points  of  Africa,  of 
America,  of  California,  of  Groenland,  of  Cape 
Comorin,  of  Sumatra,  of  New  Holland,  &c. 
This  fad;  feems  to  prove,  as  formerly  remarked, 
that  the  waters  have  proceeded  in  greater  quan- 
tities from  the  fouth  than  from  the  north  pole. 

If  we  confult  a new  map  of  the  world,  in 
which  are  reprefented,  round  the  Ardtic  Pole, 
all  the  lands  of  the  four  quarters  of  the  globe, 
except  the  north  point  of  America,  and,  round 
the  Antardic  Pole,  all  the  feas,  and  the  fmall 
portions  of  land  to  be  found  in  the  fouthern 
hemifphere,  we  fhall  evidently  perceive,  that 

many 
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many  more  revolutions  have  happened  in  the 
latter  than  in  the  former  hemifphere,  and  that 
the  quantity  of  water  has  always  been,  and  hill 
is,  much  greater  there  than  in  our  hemifphere. 
Every  thing  concurs  in  proving,  that  the  greateft 
inequalities  of  the  globe  exift  in  the  fouthern  re- 
gions, and  that  the  general  direction  of  the  pri- 
mitive mountains  is  from  north  to  fouth,  rather 
than  from  eaft  to  weft,  through  the  whole  ex- 
tent of  the  earth’s  furface. 


Ill, 

Of  the  Formation  of  Mountains . 

ALL  the  vallies  and  dales  on  the  furface  of 
the  globe,  as  well  as  all  the  mountains  and  hills, 
have  originated  from  two  caufes,  namely,  fire 
and  water.  When  the  earth  firft  aflumed  its 
confiftence,  a number  of  inequalities  took  place 
on  its  furface;  fwellings  and  blifters  arofe,  as 
happens  in  a block  of  glafs  or  of  melted  metal. 
Hence  this  firft  caufe  produced  the  original  and 
the  higheft  mountains,  which  reft  on  the  inte- 
rior rock  of  the  earth  as  their  bafe,  and  below 
which,  as  every  where  elfe,  there  muft  have 
been  vaft  caverns,  which  funk  in  at  different 
periods.  But,  without  confidering  this  fécond 

event. 
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event,  the  falling  in  of  the  caverns,  it  is  cer- 
tain, that,  when  the  earth  firft  confoîidated,  it 
was  every  where  furrowed  with  depths  and  emi- 
nences, which  were  produced  folely  by  the 
a&ion  of  cooling.  Afterwards,  when  the  wa- 
ters were  precipitated  from  the  atmofphere* 
which  happened  when  the  earth  cooled  fo  much 
as  to  be  unable  to  repel  the  vapours,  thefe  wa- 
ters covered  the  whole  furface  of  the  globe  to 
the  height  of  two  thoufand  fathoms;  and,  du- 
ring their  long  abode  upon  our  continents,  the 
motion  of  the  tides  and  that  of  the  currents 
changed  the  difpofition  of  the  primitive  moun- 
tains and  valleys.  Thefe  movements  would 
form  hills  in  the  valleys,  and  would  cover  the 
bottoms  and  knaps  of  the  mountains  with  new 
beds  of  earth  ; and  the  currents  would  produce 
furrows  or  valleys  with  correfponding  angles. 
It  is  to  thefe  two  caufes,  of  which  the  one  is 
much  more  ancient  than  the  other,  that  the  pre- 
fent  external  form  of  the  furface  of  the  earth  is 
to  be  referred.  Afterwards,  when  the  feas  funk 
down,  they  produced  thofe  fteep  precipices  on 
the  weft,  where  they  ran  with  the  greateft  ra- 
pidity, and  left  gentle  declivities  on  the  eaft. 

The  ftructure  of  thofe  eminences  which  were 
formed  by  the  fediments  of  the  ocean,  is  very 
different  from  that  of  thofe  which  owe  their  ori- 
gin to  the  primitive  fire.  The  firft  are  dif- 
pofed  in  horizontal  beds,  and  contain  an  infi- 
nite 
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nite  number  of  marine  produ&ions.  The  fé- 
cond, on  the  contrary,  are  lefs  regular  in  their 
ftru&ure,  and  include  no  marks  of  fea-bodies. 
Thefe  mountains  of  the  firft  and  fécond  forma- 
tion have  nothing  in  common  but  the  perpendi- 
cular fifiures;  but  thefe  fiiTures  are  effe&ed  by 
two  different  caufes.  The  vitrefcent  matters,  in 
cooling,  diminifhed  in  fize,  and,  of  courfe,  they 
fplit,  and  receded  to  different  diflances.  But 
thofe  compofed  of  calcarious  matters  tranfport- 
ed  by  the  waters,  fplit  into  füTures  folely  by 
drying. 

I have  often  remarked,  that,  in  detached  hills, 
the  firft  effeâ:  of  the  rains  is  gradually  to  carry 
down  from  the  fummit  the  earth  and  other  bo- 
dies, which  form  at  the  foot  a pretty  thick  ftra- 
tum  of  good  foil,  while  the  top  is  left  entirely 
bare.  This  effect  is,  and  neceffarily  muft  be, 
produced  by  the  rains.  But  a previous  caufe 
difpofed  thefe  and  fimilar  matters  round  all  hills', 
not  excepting  thofe  which  are  detached;  for, 
on  one  fide,  the  earth  is  uniformly  better  than 
on  the  other  : The  hills  are  always  fteep  and 
precipitant  on  one  fide,  and  have  a gentle  de- 
clivity on  the  other;  which  proves  clearly,  that 
the  action,  as  well  as  the  direction  of  the  motion 
of  the  waters,  were  greater  on  one  fide  than  on 
the  other. 
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IV. 

Of  the  Denfity  which  ce 7' tain  Matters  acquire  by 
Fire , as  well  as  by  Water . 

IN  p.  246,  I faid,  that  the  hard  points  found 
in  freefone  conffed  of  metallic  matter , which 
appeared  to  have  been  melted  by  a frong  fire. 
This  afiertion  feems  to  infinuate  that  the  great 
mafies  of  free-done  have  originated  from  the 
a&ion  of  the  primitive  fire*  I at  fird  imagined 
that  this  matter  owed  its  denfity  and  the  ad- 
hefion  of  its  particles  folely  to  the  interven- 
tion of  water.  But  I have  fince  learned  that 
the  aâion  of  fire  produces  the  fame  efieâ:  ; and 
I fhall  relate  fome  experiments  which  'at  fird 
furprifed  me,  but  wThich  I have  repeated  fo  of- 
ten as  to  remove  every  doubt  upon  this  fub- 
j eft. 

EXPERIMENTS. 

I pounded  free-dones  of  different  degrees  of 
hardnefs,  till  they  were  reduced  to  a powder 
more  or  lefs  fine.  Thefe  powders  I employed 
to  cover  the  cements  I ufed  in  converting  iron 
into  fteel.  This  powder  of  free-done  was  drew- 
ed  over  the  cement,  and  heaped  up,  in  the 
7 form 
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form  of  a dome  of  three  or  four  inches  in  thick- 
nefs,  on  an  earthen  veflel  of  three  feet  long  by 
two  broad.  After  undergoing  the  aCtion  of  the 
fire  in  my  blaft  furnaces,  during  feveral  days 
and  nights  without  interruption,  it  was  no  longer 
the  powder  of  free-ftone,  but  a mafs  fo  folid 
that  we  were  obliged  to  break  it  in  order  to 
uncover  the  veflel  which  contained  the  iron, 
now  converted  into  Reel.  The  action  of  fire 
upon  this  powder  of  free-ftone  produced  mafles 
equally  folid  as  free-ftone  of  a middling  quality, 
which  does  not  ring  under  the  hammer.  This 
fa â:  fhewTed  that  fire,  as  well  as  water,  could 
prove  a cement  to  vitrifiable  fand,  and,  confe- 
quently,  might  have  formed  thofe  immenfe 
mafles  of  frëe-ftone  which  compofe  the  nucleus 
of  fome  of  our  mountains. 

I am,  therefore,  fully  perfuaded,  that  all  the 
vitrefcent  matters,  of  which  the  interior  rock  of 
the  globe,  as  well  as  the  nuclei  of  great  moun- 
tains, are  compofed,  have  been  produced  by 
the- aCtion  of  the  primitive  fire;  and  that  the 
waters  have  only  formed  thofe  acceflory  ftrata 
which  furround  thefe  nuclei,  which  are  all  pa- 
rallel and  horizontal,  or  equally  inclined,  and 
in  which  we  find  the  relicks  of  fhells  and  other 
productions  of  the  ocean. 

In  the  formation  of  free-ftone  and  other  vi- 
trefcent matters,  I pretend  not  to  exclude  the 
intervention  of  water.  On  the  contrary,  I am 

inclined 
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inclined  to  believe,  that  vitrifiable  fand  may  ac- 
quire confidence,  and  utiite  into  mafles  more  or 
lefs  bard,  perhaps  more  eafily  by  means  of  v^a- 
ter  than  by  the  adion  of  fire*  I have  related 
the  above  fads  folely  with  the  view  of  prevent- 
ing objedions  which  would  not  fail  to  be  made, 
if  it  had  been  thought  that  I attributed  the  foli- 
dity  of  free-ftones,  and  other  bodies  compofed 
of  vitrifiable  fand,  to  the  intervention  of  wTater 
alone.  It  is  certain,  that  all  the  free  ftone  found 
on  the  furface,  or  at  inconfiderable  depths,  have 
been  formed  by  water  ; for*  on  the  furface  of 
thefe  mattes  of  free- ftone,  we  perceive  marks  of 
undulations  and  rollings,  and  fometimes  the  im- 
preflTions  of  plants  and  fhells.  But  the  free- 
ftones  formed  by  the  fediments  of  wTater  are 
eafily  diftinguifhed  from  thofe  which  have  been 
produced  by  fire.  The  latter  have  a coarfer 
grain,  and  crumble  down  more  eafily  than  free- 
ftone  cemented  by  the  intervention  of  water, 
which  is  more  compad,  and  harder  than  that 
whofe  particles  have  been  united  by  the  adion 
of  fire. 

Ferruginous  matters  aflame  a great  degree  of 
hardnefs  by  fire  ; for  nothing  is  harder  than  caft 
iron.  But  ferruginous  bodies  may  likewife  ac~ 
quire  confiderable  denfity  by  the  intervention  of 
Water.  Of  this  fad  I was  afcertained  by  put- 
ting a quantity  of  filings  of  iron  into  veffels  ex- 
pofed  to  the  rain.  Thefe  filings  formed  a maf$ 

VOL.  IX.  £ fo 
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fo  hard,  that  it  could  only  be  broken  by  the 
hammer* 

The  vitreous  rock  which  compofes  the  inte- 
rior mafs  of  the  globe,  is  harder  than  common 
glafs.  But  it  is  not  harder  than  certain  volcanic 
lavas,  and  much  fofter  than  caft  iron,  which, 
however,  is  only  glafs  mixed  with  ferruginous 
particles.  This  great  hardnefs  of  the  interior 
rock  fhows  that  it  confifts  of  the  moft  fixed  par- 
ticles of  matter,  and  that,  from  the  time  of  their 
confolidation,  they  aflumed  the  confiftence  and 
hardnefs  which  they  ftill  poflefs.  Hence  it  can- 
not be  objected  to  my  hypothefis  of  general  vi- 
trification, that  bodies  reduced  to  glafs  by  our 
furnaces  are  lefs  hard  than  the  rock  of  the  globe  ; 
fince  caft  iron,  fome  lavas,  or  bafalts,  and  even 
certain  porcelains,  are  harder  than  this  rock, 
and  yet  they  derive  their  hardnefs  from  the  ac- 
tion of  fire  alone.  Befides,  the  elements  of 
iron  and  other  minerals  which  give  hardnefs  to 
matters  liquified  by  fire,  or  attenuated  by  water, 
exifted,  as  well  as  the  fixed  earth,  from  the 
time  that  the  globe  was  firft  confolidated  : And 
I have  already  remarked,  that  the  interior  rock 
ought  not  to  be  regarded  as  pure  glafs,  fimilar 
to  that  we  make  with  fand  and  faits,  but  as  a 
vitreous  produ£t  mixed  with  matters  the  moft 
fixed,  and  moft  capable  of  fupporting  the  great 
and  long  continued  adlion  of  the  primitive  fire, 
the  great  effects  of  which  can  only  be  compared 

in 
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in  a very  diftant  manner  with  the  inconfiderable 
operations  of  our  furnaces  ; and  yet,  from  this 
comparifon,  though  unfavourable,  we  clearly 
perceive  what  effe&s  are  common  to  the  primi- 
tive fire  and  to  our  furnaces  ; and  it  fhows,  at 
the  fame  time,  that  the  degree  of  hardnefs  de- 
pends lefs  on  the  degree  of  heat  than  on  the 
combination  of  matters  fubmitted  to  its  adtion. 


V. 

Of  the  Inclination  of  the  Strata  in  the  Mountains * 

I Remarked,  in  vol.  i.  p.  15.  that,  in  plains , the 
frata  are  exactly  horizontal . It  is  in  the  moun- 

tains only  that  they  are  inclined  to  the  horizon  ; 
lecaufe  they  have  originally  been  formed  by  fedi - 
ments  depofited  upon  an  inclined  bafe . 

The  beds  of  calcarious  matters  are  not  only 
horizontal  in  the  plains,  but  likewife  in  all 
mountains  which  have  not  been  difturbed  by 
earthquakes  or  other  accidental  caufes  : And, 
when  the  ftrata  are  inclined,  the  whole  moun- 
tain is  likewife  inclined,  and  has  been  forced  in- 
to that  pofition  by  a fubterraneous  explofion, 
or  by  the  finking  of  a part  of  the  earth,  which 
had  ferved  it  as  a bafis.  We  may  therefore 
conclude,  in  general,  that  all  ftrata  formed  by 
the  fediments  of  water  are  horizontal,  like  the 
; e 2 water 
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water  itfelf,  except  thofe  which  have  been  form- 
ed on  an  inclined  bafe,  as  is  the  cafe  with  the 
moft  part  of  coal-mines. 

The  moft  external  part  of  the  earth,  whether 
in  plains  or  mountains,  is  folely  compofed  of  ve- 
getable earth,  which  owes  its  origin  to  fediments 
of  the  air,  of  vapours,  and  of  dews,  and  to  the 
fucceffive  deftrudion  of  herbs,  leaves,  and  other 
parts  of  decompofed  plants.  This  firft  ftratum 
every  where  follows  the  declivities  and  curva- 
tures of  the  earth,  and  is  more  or  lefs  thick 
according  to  particular  local  circumftances 
The  vegetable  ftratum  is  commonly  much  thick- 
er in  valleys  than  on  hills  ; and  its  formation  is 
pofterior  to  that  of  the  primitive  ftrata  of  the 
globe,  the  moft  ancient  and  moft  internal  of 
which  have  been  formed  by  fire,  and  the  neweft 
and  moft  external  have  derived  their  origin 
from  matters  tranfported  and  depofited  in  the 

* On  the  tops  of  fome  mountains,  the  furface  is  abfolutely 
naked,  and  prefents  nothing  to  the  view  but  pure  rock,  or  gra- 
nite, without  any  vegetation,  except  in  the  fmall  fiflures,  where 
the  wind  has  tranfported  fand,  and  collected  the  particles  of  earth 
which  float  in  the  air.  At  foine  diflance  from  the  laft  branch 
of  the  Nile,  there  is  a mountain  compofed  of  granite,  of 
porphyry,  and  of  jafper,  which  extends  more  than  twenty 
leagues  in  length,  by  perhaps  an  equal  number  in  breadth. 
The  furface  of  the  fumrnit  of  this  enormous  quarry,  we  are 
aflared,  is  abfolutely  devoid  of  vegetables,  and  forms  a vaft 
defert,  where  neither  quadrupeds,  nor  birds,  nor  even  infers, 
can  exiit.  But  exceptions  of  this  kind,  which  are  particular  and 
local,  merit  no  confideration. 


form 


THE  EARTH’S  SURFACE.  69 

form  of  fediments  by  the  motion  of  the  waters. 
Thefe,  in  general,  are  horizontal  ; and  it  is  only 
by  the  action  of  particular  caufes  that  they  fome- 
times  appear  inclined.  The  beds  of  calcarious 
ftones  are  commonly  horizontal,  or  flightly  in- 
clined ; and,  of  all  calcarious  fubftances,  the 
beds  of  chalk  preferve  their  horizontal  pofitioa 
moll  exadly.  As  chalk  is  only  the  duft  of  de- 
cayed calcarious  bodies,  it  has  been  depofited 
by  waters  whofe  movements  were  tranquil,  and 
their  ofcillations  regular  ; whilft  the  matters 
which  were  only  broken  into  large  mafles,  have 
been  tranfported  by  currents,  and  depofited  by 
the  removal  of  the  waters  ; which  is  the  reafon 
why  their  ftrata  are  not  fo  perfectly  horizontal 
as  thofe  of  chalk.  The  high  coafts  of  Norman- 
dy are  compofed  of  horizontal  ftrata  of  chalk  fo 
regularly  perpendicular,  that,  at  a diftance,  they 
have  the  appearance  of  fortified  walls.  Be- 
tween the  ftrata  of  chalk  there  are  fmall  beds  of 
black  flint,  which  give  rife  to  the  black  veins  in 
white  marble. 

Befide  the  calcarious  fhells,  the  ftrata  of  which 
are  flightly  inclined,  and  whofe  pofition  has  ne- 
ver been  changed,  there  are  many  others  which 
have  been  deranged  by  different  accidents,  and 
which  are  all  much  inclined.  Of  thefe  there 
are  many  examples  in  various  parts  of  the  Py- 
rennees,  fome  of  which  are  inclined  forty-five, 
fifty,  and  even  fixty  degrees  below  the  horizon- 
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tal  line.  This  circumftance  feems  to  prove,  that 
great  changes  have  been  produced  in  thefe 
mountains  by  the  finking  of  fubterraneous  ca- 
verns which  had  formerly  fupported  them. 


Of  the  Peaks  of  Mountains . 

I Endeavoured  to  explain,  vol.  i.  p.  247.  how 
the  peaks  of  mountains  had  been  deprived  of  the 
vitrifiable  fands  with  which  they  had  been  ori- 
ginally invefted  ; and  my  explanation  errs  in 
this  circumftance  only,  that  I attributed  the  firft 
formation  of  the  rocks  which  form  the  nuclei 
of  thefe  peaks  to  the  intervention  of  water,  in- 
ftead  of  afcribing  it  to  the  adion  of  fire.  Thefe 
peaks  or  horns  of  mountains  are  nothing  but 
prolongations  of  the  interior  rock  of  the  globe, 
which  were  environed  with  great  quantities  of 
fcoriæ  and  duft  of  glafs.  Thefe  loofe  materials 
muft  have  been  carried  down  by  the  movement 
of  the  fea,  when  it  made  its  retreat.  After- 
wards, the  rains  and  torrents  of  water  would 
foon  deprive  the  mafles  of  pure  rock  of  all  their 
coverings,  and  make  them  completely  bare, 
as  they  are  at  prefent.  I may  remark,  in  gene^* 
ral,  that  no  other  change  falls  to  be  made  in  my 
theory  of  the  earth  than  the  following  fad, 

that 
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that  the  firft  mountains  derived  their  origin  from 
the  primitive  fire,  and  not  from  the  intervention 
of  water,  as  I had  conjectured  ; becaufe  I had 
then  been  induced  to  believe,  by  the  authority 
of  Woodward  and  fome  other  naturalifts,  that 
fhells  were  found  on  the  tops  of  all  mountains. 
But,  from  more  recent  obfervations,  it  appears, 
that  there  are  no  fhells  on  the  higheft  fiimmits, 
nor  above  two  thoufand  fathoms  above  the  level 
of  the  fea.  Hence  the  waters  have  never  fur- 
mounted  thofè  high  fummits,  or  at  leaft  have 
remained  but  a fhort  time  upon  them  ; fo  that 
they  have  formed  only  the  hills  and  the  calcari- 
ous  mountains,  which  never  rife  to  the  height 
of  two  thoufand  fathoms. 
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ADDITIONS  to  the  Article , Of  Rivers  % 
vol.  i.  p.  251. 

I. 

Additional  Obfervations  on  the  Theory  of  run* 
ning  Waters , 

PAGE  266.  Concerning  the  theory  of  running 
waters,  I have  to  add  a new  obfervation 
which  I made  fince  I eftablilhed  mills,  by 
which  the  different  celerities  of  water  may  be 
pretty  accurately  afcertained.  Thefe  mills  are 
compofed  of  nine  wheels,  fome  of  which  are 
impelled  by  a fall  of  water  of  two  or  three  feet, 
and  others  by  a fall  of  five  or  fix  feet  high  : I 
wras  at  firft  furprifed  to  find,  that  all  the 
wheels  turned  more  quickly  in  the  night  than 
in  the  day,  and  that  the  difference  was  great- 
er in  proportion  to  the  height  and  breadth 
of  the  column  of  water.  For  example,  if  the 
water  falls  fix  feet,  the  wheel  will  turn  a 
tenth,  and  fometimes  a ninth  quicker  in  the 
night  than  in  the  day  ; and,  if  the  fall  is  lefs 
high,  the  difference  of  celerity  will  likewife  be 
lçfs  \ but  it  is  always  fç  fenfible  as  to  be  eafily 
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recognifed.  I afcertained  this  fad  by  placing 
white  marks  upon  the  wheels,  and  reckoning 
the  number  of  revolutions  in  equal  times,  both 
during  the  day  and  the  night;  and  I uniformly 
found,  by  a great  number  of  obfervations,  that 
the  time  when  the  wheels  moved  with  the  great- 
eft  celerity  was  the  coldeft  hour  of  the  night, 
and  that  they  moved  flowed  when  the  heat  of 
the  day  was  greateft.  In  the  fame  manner,  I 
afterwards  found,  that  the  celerity  of  all  the 
wheels  is  greater  in  winter  than  in  fummer. 
Thefe  fads,  which  have  efcaped  the  obfervation 
of  philofophers,  are  of  importance  in  pradice. 
The  theory  of  them  is  extremely  Ample:  This 
augmentation  of  celerity  depends  folely  on  the 
denfity  of  the  water,  which  is  encreafed  by  cold 
and  diminifhed  by  heat:  And,  as  the  fame  vo- 
lume of  water  only  can  pafs  by  the  trough,  this 
volume,  wrhich  is  denfer  in  winter  and  during 
the  night,  than  in  fummer  or  in  the  day,  ads 
with  more  force  on  the  wheel,  and,  of  courfe, 
communicates  to  it  a greater  quantity  of  motion. 
Thus,  cateris  paribus,  there  will  be  lefs  lofs  of 
water,  if  we  ftop  the  machines  during  the  heat 
of  the  day,  and  work  them  during  the  night.  By 
obferving  this  method  in  my  forges,  its  influ- 
ence in  the  procefs  of  making  iron  amounted 
to  one  twelfth  part. 

Another  obfervation  merits  attention  : Of  two 
wheels,  the  one  pearer  the  canal  than  the  other, 
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but  perfectly  equal  in  every  other  refped,  and 
both  moved  by  an  equal  quantity  of  water,  the 
wheel  neareft  the  canal  moves  quicker  than  the 
one  more  remote,  and  to  which  the  water  can- 
not arrive  till  after  it  has  run  over  a certain 
fpace  in  the  particular  runner  that  terminates  in 
this  wheel.  It  is  well  known,  that  the  fridion 
of  water  on  the  fides  of  a canal  diminifhes  its 
celerity.  But  this  circumftance  is  not  fufficient 
to  account  for  the  confiderable  difference  in  the 
motion  of  thefe  two  wheels.  It  is  owing,  in  the 
JirJl  place,  to  the  water  in  this  canal  not  being 
preffed  laterally,  as  it  is  when  it  enters  by  the 
trough  of  the  canal,  and  to  its  ftriking  immediately 
the  ladles  of  the  wheel.  Secondly , This  inequa- 
lity of  motion,  depending  on  the  diftance  of  the 
wheels  from  the  canal,  is  likewife  owing  to  the 
water,  which  pafles  through  a trough,  not  being  a 
column  of  equal  dimenfions  with  the  trough;  for 
the  water,  in  its  paffage,  forms  an  irregular  cone, 
which  is  depreffed  on  the  fides  in  proportion  to 
the  breadth  of  the  volume  of  water  in  the  canal. 
If  the  ladles  of  the  wheel  are  very  near  the  trough, 
the  water  ads  very  near  as  high  as  the  aperture 
of  the  trough  : But,  if  the  wheel  is  more  diftant 
from  the  canal,  the  water  finks  in  the  runner,  and 
ftrikes  not  the  ladles  of  the  wheel  at  the  fame 
height,  nor  with  equal  celerity,  as  in  the  firft 
cafe.  The  union  of  thefe  two  caufes  produces 
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that  diminution  of  celerity  in  wheels  which  are 
diftant  from  the  canal. 


II. 

Of  the  Saltnefs  of  the  Sea , p.  275. 

ON  this  fubjed  there  are  two  opinions,  and 
both  of  them  are  partly  true.  Halley  attributes 
the  faltnefs  of  the  fea  folely  to  the  faits  of  the 
earth  carried  down  by  the  rivers  ; and  even  fup- 
pofes  that  the  antiquity  of  the  world  may  be  dis- 
covered by  the  degree  of  faltnefs  in  the  waters 
of  the  ocean.  Leibnitz,  on  the  contrary,  be- 
lieves, that  the  globe  having  been  liquified  by 
fire,  the  faits  and  other  empyreumatic  fub- 
ftances  produced  with  the  aqueous  vapours  a fait 
lixivium,  and,  confequently,  that  the  fea  received 
its  faltnefs  from  the  beginning.  The  opinions 
of  thefe  two  great  philofophers,  though  oppofite, 
fhould  be  united,  and  may  even  coincide  with  my 
own.  It  is  extremely  probable,  that,  at  the  begin- 
ning, the  adtion  of  fire  combined  with  that  of  wa- 
ter diffolved  all  the  faline  fubftances  on  the  furface 
of  the  earth  ; and,  of  courfe,  that  the  firft  de- 
gree of  faltnefs  in  the  fea  proceeded  from  the 
caufe  affigned  by  Leibnitz  ; but  this  prevents  not 
the  fécond  caufe  affigned  by  Halley  from  having 

coniiderable 
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confiderable  influence  upon  the  adlual  degree  of 
faltnefs  in  the  fea,  which  muft  always  augment, 
becaufe  the  rivers  inceflantly  carry  down  great 
quantities  of  fixed  faits,  which  cannot  be  ab- 
ftradted  by  evaporation.  They  remain,  therefore, 
mixed  with  the  general  mafs  of  waters,  which 
are,  in  general,  more  fait  in  proportion  to  their 
diftance  from  the  mouths  of  rivers,  and  where 
the  heat  of  the  climate  produces  the  greateft 
evaporation.  That  the  fécond  caufe  adts  more 
powerfully  than  perhaps  the  firft,  is  proved  by 
this  circumftance,  that  all  lakes  from  which  rivers 
ifiue  are  not  fait,  but  almoft  all  thofe  which  re- 
ceive rivers  and  difcharge  none,  are  impregnated 
with  fait.  The  Cafpian  Sea,  Lake  Aral,  the  Pead 
Sea,  &c.  owe  their  faltnefs  folely  to  the  faits 
tranfported  thither  by  the  rivers,  and  which  can- 
not be  carried  off  by  evaporation. 

III. 

Of  perpendicular  Cataraffs • 

IN  p.  279,  I remarked,  that  the  cataradt  of 
Niagara  in  Canada  was  the  moft  famous,  and 
that  it  fell  from  a perpendicular  height  of  156 
feet.  I have  lince  been  informed  *,  that  therç 
is  a cataradt  in  Europe,  which  falls  from  a 

* Note  communicated  to  M.  de  BufFon  by  M.  Frefnoye, 

height 


OF  RIVERS. 


77 

height  of  300  feet.  It  is  that  of  Terni , a fmall 
village  on  the  road  from  Rome  to  Bologna.  It 
is  formed  by  the  river  Velino,  which  derives 
its  fource  from  the  mountains  of  Abbruzzo.  Af- 
ter paffing  by  Riette , a village  on  the  frontier 
of  the  kingdom  of  Naples,  it  falls  into  the  Lac 
de  Luco,  which  feems  to  be  fupplied  by  abun- 
dant fources  ; for  the  river  runs  out  of  it  with 
more  force  than  it  enters,  and  proceeds  to  the 
foot  of  the  mountain  del  Marmore , from  which 
it  is  precipitated  by  a fall  of  300  feet.  It  is  re- 
ceived by  a kind  of  abyfs,  from  which  it  efcapes 
with  great  tumultuoufnefs.  The  celerity  of  its 
fall  breaks  the  water  with  fuch  force  againft 
the  rocks  and  the  bottom  of  the  abyfs,  that  a 
humid  vapour  arifes,  in  which  many  rainbows 
of  various  fizes  are  formed  by  the  rays  of  the 
fun  ; and,  when  the  fouth  wind  blows,  and 
drives  this  mitt  againft  the  mountain,  inftead  of 
feveral  fmall  rainbows,  the  whole  cafcade  is 
crowned  with  a very  large  one. 
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ADD  IT  IONS  and  Cor  reliions  to  the  Article , 
Of  Seas  and  Lakes , vol.  i.  p.  290. 

I. 

Of  the  Limits  of  the  South  Sea . 

•• 

'T^HE  South  Sea  is  much  broader  than  the 
A Atlantic,  and  appears  to  be  bounded  by 
two  chains  of  mountains,  which  correfpond  as 
far  as  the  Equator.  The  firft  chain  is  compofed 
of  the  mountains  of  California,  of  New  Mexi- 
co, of  the  Ifthmus  of  Panama,  of  the  Cordeliers, 
of  Peru,  of  Chili,  &c.  The  other  chain  ftretches 
through  Kamtfchatka,  Yeflb,  and  Japan,  and 
extends  as  far  as  the  Larron  iflands,  and  even  the 
New  Philippines.  The  diredion  of  thefe  chains 
of  mountains,  which  appear  to  be  the  ancient 
limits  of  the  Pacific  Ocean,  is  precifely  from 
north  to  fouth  ; fo  that  the  Old  Continent  was 
bounded  on  the  eaft  by  one  of  thefe  chains 
of  mountains,  and  the  New  Continent  by  the 
other.  Their  reparation  happened  at  the  period 
when  the  waters,  proceeding  from  the  fouth 
pole,  began  to  run  between  thefe  two  chains 
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of  mountains,  which  feem  to  unite,  or  at  leaft 
to  make  a very  near  approach  to  each  other  to- 
wards the  northern  regions.  This  is  not  the  on- 
ly indication  of  the  ancient  union  of  the  two 
continents  on  the  north.  This  continuity  of 
the  two  continents  between  Kamtfchatka  and  the 
mod  weftern  lands  of  America,  feems  now  to 
be  proved  by  the  new  difcoveries  of  navigators, 
who  have  found,  under  the  fame  parallel  of  lati- 
tude, a great  number  of  iflands  lying  fo  near  each 
other,  as  to  leave  only  fmall  intervals  of  fea  be- 
tween the  eaft  of  Afia  and  the  weft  of  America 
under  the  Polar  Circle. 


II. 

Of  double  Currents  in  fome  Parts  of  the  Ocean , 

vol.i.  p.313. 

I Had  too  generally  and  too  pofitively  aflert- 
ed,  that,  in  no  part  of  the  fea,  a fuperior  and  in- 
ferior current  are  to  be  found. 

I have  fince  received  information,  which  feems 
to  prove,  that  this  effect  actually  exifts,  and  can 
even  be  demonftrated,  in  certain  parts  of  the 
fea.  On  this  fubjed:,  M.  Deflandes,  an  able  na- 
vigator, obligingly  communicated  to  me  the 
following  accurate  remarks,  in  two  letters,  the 
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one  dated  December  6,  1770,  and  the  other  No- 
vember 5,  177  3. 

4 In  your  'Theory  of  the  Earth , Art.  XI.  Of 
4 and  Lakes , you  fay,  that  0 double  current 

4 alleged  to  run  through  the  fraits  of 

4 Gibraltar  ; but  that  thofe  who  fupport  this  opi - 
4 nion  have  been  deceived  by  the  regorging  of  the 
4 water  near  the  fhores , which  often  produces  a 
4 motion  oppofite  to  that  of  the  principal  current . 

4 After  reading  this  palfage,  I determined  to 
4 tranfmit  you  my  obfervations  on  the  fubjedh 

4 Two  months  after  my  departure  from 
4 France,  I reconnoitered  the  land  between 
4 Capes  Gonfalvas  and  Saint  Catharine.  The 
4 force  of  the  currents,  the  direction  of  which  is 
4 to  the  north  north- weft,  correfponding  exactly 
4 with  the  fituation  of  the  lands,  obliged  me  to 
4 call  anchor.  The  general  winds  of  this  region 
4 blow  from  the  fouth  fouth-eaft,  fouth  fouth- 
4 weft,  and  fouth-weft.  I fpent  two  months 
4 and  a half  in  making  fruitlefs  attempts  to 
4 change  my  fituation,  and  to  reach  the  coaft  of 
4 Loango,  where  I had  fome  hufmefs  to  tranfadt. 

4 During  this  time,  I remarked,  that  the  fea  de- 
4 feended  in  the  above  dire&ion  from  half  a 
4 league  to  a league  in  the  hour,  and  that,  at 
4 certain  depths,  the  currents  afeended  below 
« with  the  fame  rapidity  as  they  defeended 
4 above. 

4 I afeer- 
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4 I afcertained  the  depth  of  thefe  oppofite  cur- 
4 rents  in  the  following  manner  : Being  moor- 
4 ed  in  eight  fathoms  water,  and  the  fea  ex- 
4 tremely  clear,  I fixed  a lead  of  thirty  pounds 
* weight  to  the  end  of  a line.  At  about  two 
4 fathoms  from  the  lead,  I tied  a table  napkin  to 
4 the  line  by  one  of  its  corners,  and  allowed  the 
4 lead  to  fink  in  the  water.  As  foon  as  the  table 
4 napkin  entered,  it  took  the  direction  of  the 
4 firft  current.  Continuing  to  obferve  it,  I made 
c it  defcend.  Whenever  I perceived  that  the 
4 current  difcontinued,  I flopped.  It  then  float- 
4 ed  indifferently  around  the  line.  In  this  place, 

4 therefore,  the  run  was  interrupted.  I then 
4 funk  the  table  napkin  about  a foot  lower, 

4 and  it  affumed  an  oppofite  dire&ion.  By 
4 marking  the  line  at  the  furface  of  the  water, 

4 I found  that  the  table  napkin  was  at  the  depth 
4 of  thre£  fathoms  ; from  which  I concluded,  af- 
4 ter  different  examinations,  that,  of  eight  fa- 
4 thorns  water,  three  ran  north  north- weft,  and 
4 five  ran  in  the  contrary  direction  of  fouth 
4 fouth-eaft. 

4 The  fame  day,  I repeated  the  experiment 
4 in  fifty  fathoms  water,  being  then  diftant  from 
4 the  land  fix  or  feven  leagues.  I was  furprifed 
4 to  find  that  the  upper  current  was  deeper  in 
4 proportion  to  the  depth  of  the  bottom.  Of 
4 fifty  fathoms  water,  I reckoned  that  from 
4 twelve  to  fifteen  ran  in  the  firft  direction.  This 
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* phænomenon  did  not  take  place  during  the 
4 whole  two  months  and  a half  that  I remained 
4 on  this  coaft,  but  nearly  one  month  only,  and 
4 at  different  times  ; during  thefe  interruptions 
4 the  whole  water  ran  into  the  gulf  of  Guiney. 

6 This  oppofition  of  currents  fuggefted  the 
4 idea  of  a machine,  which,  being  funk  as 
4 far  as  the  inferior  current,  and  prefenting  a 
4 great  furface,  might  force  my  veifel  againft 
4 the  fuperior  current,  I made  the  experiment 
4 in  miniature  upon  a boat  ; and  I proceeded 
4 fo  far  as  to  produce  an  equilibrium  between 
4 the  force  of  the  fuperior  current,  joined  to 
4 that  of  the  wind,  upon  the  boat,  and  the  force 
4 of  the  inferior  current  upon  the  machine.  I 
4 had  not  an  opportunity  of  making  trials  on  a 
4 larger  fcale.  What  I have  related,  Sir,  is  a 
4 truth  which  may  be  confirmed  by  every  navi- 
4 gator  who  has  vifited  thefe  climates.*^ 

4 I imagine  that  the  winds,  as  well  as  the  ri- 
4 vers,  which  difcharge  themfelves  into  the  fea 
i along  this  coaft,  and  carry  great  quantities  of 
4 earth  into  the  gulf  of  Guiney,  are  the  princi- 
4 pal  caufes  of  thefe  effeds.  Befides,  the  bottom 
4 of  this  gulf,  which,  by  its  declivity,  obliges  the 
4 tide  to  run  retrograde  whenever  it  arrives  at  a 
4 certain  level,  and  is  ineeffantly  preffed  by  frefh 
4 quantities,  while  the  wind  ads  in  a contrary 
4 diredion  upon  the  furface,  and  conftrains  part 
4 of  the  water  to  obferve  its  ordinary  courfe. 
4 This  feems  to  be  the  more  probable,  becaufe 

7 4 the 


OF  SEAS  AND  LAKES.  83 

the  Tea  enters  from  all  quarters  into  this  gulf, 
and  iffues  only  by  revolutions  which  feldom 
happen.  The  moon  has  no  apparent  effed  ; 
for  the  fame  thing  takes  place  during  all  its 
phafes. 

c I had  occafion  to  be  hill  farther  convinced 
that  the  preifure  of  the  water,  when  it  comes 
to  its  level,  joined  to  the  inclination  of  the  bot- 
tom, are  the  foie  caufes  of  this  phænomenon. 
I found,  that  thefe  currents  exift  only  in  pro- 
portion to  the  fmaller  or  greater  declivity  of 
the  fhores  ; and  I have  every  reafon  to  believe, 
that  they  are  not  perceived  beyond  twelve  or 
fifteen  leagues  from  land,  which  is  the  great- 
eft  diftance  along  the  coaft  of  Angola,  where 
we  can  be  certain  of  finding  the  bottom..-. . . . 
c The  following  circumftances  feem  to  prove, 
that  fimilar  changes  in  the  currents  take  place 
in  the  open  fea.  I made  one  of  my  experi- 
ments at  a mean  depth,  namely  thirty-five  fa- 
thoms. I found,  at  the  depth  of  fix  or  feven 
fathoms,  that  the  courfe  of  the  water  ran 
north  north-weft.  On  finking  two  or  three 
fathoms  more,  my  line  ftretched*  to  the  weft 
north- weft.  At  three  or  four  fathoms  deeper, 
the  courfe  was  weft  lbuth-weft,  then  fouth- 
weft,  and  fouth*  Laftly,  at  twenty-five  and 
twenty- fix  fathoms,  the  courfe  was  fouth 
fouth-eaft,  and  towards  the  bottom  it  was 
fouth-eaft  and  eaft  fouth-eaft.  From  thefe 
experiments  I drew  the  following  conclufions  : 
F 2 * That 
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* That  I might  compare  the  ocean  between 
4 Africa  and  America  to  a great  river,  the  courfe 
c of  which  is  almoft  conftantly  directed  to  the 
4 north-weft  ; that,  as  it  runs  along,  it  carries 
4 down  fand  and  mud,  which  it  depofits  on  its 
4 banks.  Thefe  banks  are,  of  courfe,  heighten- 
4 ed,  and  neceflarily  raife  the  level  of  the  water, 
4 and  oblige  it  to  run  retrograde  in  proportion 
4 to  the  declivity  of  the  fhore.  But,  as  the  wa- 
4 ter  is  directed  by  a primitive  impulfe,  it  can- 
4 not  return  in  a firaight  line  : Obeying  the 
4 original  movement,  and  yielding  reluctantly  to 
4 the  laft  obftacle,  it  mult  neceflarily  defc'ribe  a 
4 curve  of  greater  or  fmaller  extent,  till  it  meets 
4 the  middle  current,  with  which  it  may  partly 
4 unite,  or  which  may  ferve  it  as  a fulcrum,  and 
4 give  it  a direction  contrary  to  that  imprefled 
4 on  it  by  the  bottom.  As  the  mafs  of  water  is 
4 in  perpetual  motion,  the  water  towards  the 
4 bottom,  being  nearer  the  caufe  and  more  pref- 
4 fed,  mult  always  undergo  the  firft  changes, 
4 and  run  in  a direction  contrary  to  the  fuperior 
4 current,  while  the  fame  caufe  reaches  not  dif- 
4 ferent  heights.  Thefe,  Sir,  are  my  ideas. 
4 I have  frequently  taken  advantage  of  thefe  in- 
4 ferior  currents  ; by  finking  a machine  to  dif- 
4 ferent  depths,  according  to  the  number  of  fa- 
4 thorns  water  I happened  to  be  in,  I was  en- 
4 abled  to  fail  againft  the  upper  current.  I 
4 found,  that,  in  calm  water,  and  with  a furface 

4 three 


OF  SEAS  AND  LAKES.  85 

ç three  times  larger  than  that  part  of  the  prow 
4 which  is  below  the  water,  we  could  run  from 
4 a third  to  half  a league  in  the  hour.  Of  this 
4 faâ  I was  afcertained  by  my  latitude,  by  boats 
4 which  I anchored,  and  from  which  I found 
4 myfelf  at  a great  diftance  an  hour  afterward  ; 
4 and,  laftly,  by  the  diftance  of  certain  points 
4 along  the  coafts.’ 

Thefe  obfervations  of  M.  Deflandes  feem  to 
be  decilive,  and  I accede  to  them  with  pleafure. 
I cannot  fufficiently  thank  him  for  demonftra- 
ting  not  only  that  my  ideas  on  this  fubjeâ:  were, 
in  general,  juft,  but  that,  in  particular  circutn- 
ftances,  they  were  liable  to  exceptions.  It  is 
not  iefs  certain,  however,  that  the  ocean  forced 
open  the  ftrait  of  Gibraltar,  and,  confequently, 
that  the  Mediterranean  fea  received  a great  aug- 
mentation by  this  irruption.  I refted  this  opi- 
nion not  only  on  the  current  of  the  ocean  into 
the  Mediterranean,  but  on  the  fituation  of  the 
land  and  the  correfpondence  of  the  ftrata  on  the 
oppofite  coafts,  which  has  often  been  remarked 
by  intelligent  navigators.  4 The  irruption  which 
4 formed  the  Mediterranean  is  evident,  as  well 
4 as  that  of  the  Black  Sea  by  the  ftrait  of  the 

4 Dardanelles,  where  the  current  is  alwavs  vio- 
* / J 

4 lent,  and  the  correfpondence  of  the  angles  of 
4 the  two  coafts  ftrongly  marked,  as  well  as  the 
4 fimilarity  of  the  ftrata,  which  are  precifely  the 
4 fame  on  the  oppofite  fides*.’ 

* Part  of  a letter  written  to  M.  de  Buffbn  in  1772. 
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Befides,  the  idea  of  M.  Deflandes,  who  con- 
fiders  the  fea  between  Africa  and  America  as  a 
great  river,  the  courfe  of  which  is  toward  the 
north- weft,  agrees  perfectly  with  what  I ad- 
vanced concerning  the  water’s  running  in  great- 
er quantity  from  the  fouth  than  from  the  north 
pole. 

III. 

Of  the  Northern  Parts  of  the  Atlantic  Ocean . 

ON  viewing  the  iflandç  and  gulfs,  which  arc 
very  numerous  round  Greenland,  it  is  difficult,' 
• as  navigators  remark,  not  to  fufpect  that  the 
fea  falls  back  from  the  Poles  to'wards  the  Equa- 
tor. What  favours  this  conje&ure,  the  tide 
rifes  eighteen  feet  at  Cape  des  Etats,  and  only 
eight  feet  in  the  bay  of  Difko,  /.  e.  at  ten  de- 
grees of  higher  latitude  *. 

This  obfervation,  joined  to  that  of  the  pre- 
ceding article,  feems  ftill  farther  to  confirm  the 
movement  of  the  waters  of  the  ocean  from  the 
fouthern  to  the  northern  regions,  where  they 
are  forced,  by  the  refiftance  of  the  lands,  to  re- 
gorge or  flow  back  toward  the  fouth. 

In  Hudfon’s  Bay,  veflels  have  to  preferve 
themfelves  from  mountains  of  ice,  which  are 

* Hift,  Gen.  des  Voyages,  tom.  xix.  p.  2. 
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faid  to  be  from  fifteen  to  eighteen  hundred  feet 
thick,  and  which,  being  formed  by  a fuccef- 
fion  of  long  winters,  in  fmall  gulfs  perpetually 
filled  with  fnow,  have  been  detached  by  the 
north- weft  winds,  or  by  fome  other  powerful 
caufe. 

The  north-weft  wind,  which  prevails  perpe- 
tually during  winter,  and  often  in  fummer, 
excites,  in  the  fame  bay,  dreadful  tempefts. 
Thefe  are  ftill  more  to  be  apprehended,  becaufe 
fhoals  are  here  very  frequent.  In  the  countries 
which  bound  this  bay,  the  fun  never  riles  nor 
fets  without  a great  cone  of  light.  When  this 
phænomenon  difappears,  it  is  fucceeded  by  the 
aurora  borealis.  Here  the  heavens  are  feldom 
ferene.  In  fpring  and  autumn  the  air  is  gene- 
rally replete  with  thick  fogs  ; and,  during  win- 
ter, with  an  infinity  of  fmall  threads  of  ice, 
which  are  vifible  to  the  eye.  Though  the  fum- 
mer heats  are  confiderable  during  two  months 
or  fix  weeks,  thunder  and  lightning  are  rare*. 

The  fea  along  the  coafts  of  Norway,  which 
are  bordered  with  rocks,  is  commonly  from  a 
hundred  to  four  hundred  fathoms  deep,  and  the 
water  is  lefs  fait  than  in  warmer  climates.  ' The 
number  of  oily  fifties  with  which  this  fea  is  fill- 
ed, renders  it  fo  fat  that  it  is  almoft  inflam  ma- 

* Hilt.  Philpf.  et  Politique,  tom.  vi.  p.  308,  309. 
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ble.  The  tide  is  here  inconfiderable,  the  high- 
eft  not  rifing  above  eight  feet  *. 

Some  obfervations  have  lately  been  made  up- 
on the  temperature  of  the  land  and  water  in  the 
climates  adjacent  to  the  North  Pole. 

4 In  Greenland,  the  cold  begins  with  the  new 
4 year,  and  becomes  fo  piercing  in  the  months 
4 of  February  and  March,  that  the  ftones  fplit, 
4 and  the  fea  fmokes  like  a furnace,  efpecially  in 

* the  bays.  In  the  midft  of  this  thick  fog, 

* however,  the  froft  is  not  fo  intenfe,  as  when 
4 the  fky  is  unclouded  ; for,  when  we  pafs  from 
4 the  land  to  that  foggy  atmofphere  which  co- 
4 vers  the  furface  and  margins  of  the  waters, 
4 we  feel  a milder  air,  though  our  hair  and 
4 clothes  are  ftiffened  with  hoar-froft.  This  fog 
4 produces  more  chilblains  than  a dry  cold;  and, 
4 when  it  pafles  from  the  fea  to  a colder  atmof* 
4 phere,  it  inftantly  freezes,  is  difperfed  through 
4 the  horizon  by  the  wind,  and  produces  a cold 
4 fo  intenfe  that  no  perfon  can  go  into  the  open 
4 air,  without  running  the  hazard  of  having  his 
4 hands  and  feet  entirely  frozen.  It  is  in  this 
4 feafon,  that  we  fee  the  water  freeze  on  the  fire 
4 before  it  boils.  It  is  then  that  the  winter 
4 paves  a road  of  ice  between  iflands,  and  in  the 
4 bays  and  ftraits. 

4 Autumn  is  the  fineft  feafon  in  Greenland* 

* Pontoppidan’s  Nat.  Hift.  of  Norway;  Journal  Etranger 9 
Jo  fit  1755. 
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4 But  its  duration  is  fhort,  and  frequently  inter- 
4 rupted  by  cold  frofty  nights.  It  is  alfo  about 
4 this  time,  that,  in  an  atmofphere  darkened 
4 with  vapours,  we  fee  fogs  which  freeze  and 
4 form  a tiflue  on  the  fea  fimilar  to  cobwebs  ; 

4 and,  in  the  fields,  the  air  is  impregnated  with 
4 lucid  atoms,  or  fharp  icicles  like  fmall  needles. 

4 It  has  often  been  remarked,  that  the  feafons 
4 in  Greenland  aflume  a temperature  oppofite  to 
4 that  wThich  prevails  in  the  reft  of  Europe. 
4 When  the  winter  is  rigorous  in  the  temperate 
4 climates,  it  is  mild  in  Greenland,  and  very 
4 ibvere  in  this  northern  region,  when  it  is  mo- 
4 derate  in  our  countries.  At  the  end  of  the 
4 year  1739,  the  winter  was  fo  mild  in  the  bay 
4 of  Difko,  that  the  geefe,  in  the  month  of  Ja- 
4 nuary,  paffed  from  the  temperate  to  the  fro*- 
4 zen  zone  in  queft  of  warmer  air;  and  that,  in 
4 1740,  no  ice  was  feen  at  Difko  in  the  month 
* of  March  ; while,  in  Europe,  the  ice  prevails 
4 ed,  without  interruption,  from  O&ober  to 
4 May.  .... 

4 In  winter  1763,  which  was  extremely  cold 
4 over  all  Europe,  the  cold  was  fo  little  felt  in 
4 Greenland,  that  fome  fummers  have  been  lefs 
4 mild 

We  are  allured  by  voyagers,  that,  in  the  feas 
adjacent  to  Greenland,  there  are  very  high  moun- 
tains of  floating  ice,  and  others  which  referable 

* Hift.  Gen.  des  Voyages,  tom.  xix.  p.  20. , See. 
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rafts  of  two  hundred  fathoms  in  length,  by  fixty 
or  eighty  in  breadth.  But  thefe  boards  of  ice, 
which  form  irnmenfe  plains  upon  the  fea,  are 
feldom  above  nine  or  twelve  feet  thick.  They 
feein  to  be  formed  immediately  on  the  furface 
when  the  cold  is  greateft,  But  the  floating  and 
very  high  ma  (Tes  come  from  the  land,  i.  c . from 
the  environs  of  mountains  and  coafts,  from 
which  they  have  been  detached  and  carried 
down  to  the  fea  by  the  rivers.  Thefe  mafles  of 
ice  bring  along  with  them  great  quantities  of 
wood,  which  are  afterwards  thrown  by  the  fea 
upon  the  eaftern  coafts  of  Greenland.  This 
wood,  it  appears,  neither  comes  from  Labrador 
nor  Norway  ; becaufe  the  north-eaft  winds, 
which  are  very  violent  in  thefe  countries,  would 
pufh  back  the  trees,  and  the  currents  which  run 
to  the  fouth  of  Davis’s  Strait,  and  Hudfon’s  Bay, 
would  ftop  all  that  might  come  from  America 
to  the  coafts  of  Greenland. 

The  fea  begins  to  carry  boards  of  ice  to  Spitz- 
bergen  in  the  months  of  April  and  May.  A 
great  number  come  from  Davis’s  Strait,  part  of 
them  from  Nova  Zembla,  and  the  greateft  num- 
ber from  the  eaft  coaft  of  .Greenland,  being 
tranfported  from  eaft  to  weft  according  to  the 
general  movement  of  the  ocean. 

The  following  fa<?cs  and  notices  are  to  be 
found  in  the  voyage  of  Captain  Phipps  : c The 
* idea  of  a paflage  to  the  Eaft  Indies  by  the 

4 North 


OF  SEAS  AND  LAKES.  91 

4 North  Pole  was  fuggefted  as  early  as  the  year 
< 1527,  by  Robert  Thorne,  merchant  of  Brif- 

tol 5 No  voyage,  however,  appears  to 

have  been  undertaken  to  explore  the  circumpo- 
lar feas,  till  the  year  1607,  when  4 Henry  Hud- 
4 fon  was  fet  forth,  at  the  charge  of  certain  wor- 
4 fhipful  merchants  of  London,  to  difcover  a paf- 

* fage  by  the  North  Pole  to  Japan  and  China. 

4 . . And  this  I can  affure  at  this  prefent,  that 

* between  feventy-eight  degrees  and  a half,  and 

* eighty-two  degrees,  by  this  way  there  is  no 

* paffage. 

4 In  1609,  a voyage  was  fet  forth  by  the 
4 Right  Worfliipful  Sir  Thomas  Smith  to  the 
4 fouth  part  of  Spitzbergen  ; and,  when  near 
4 Foreland,  he  fent  his  mate  afliore;  and  fpeak- 
4 ing  of  the  account  he  gave  at  his  return,  fays, 
4 Moreover,  I was  certified  that  all  the  ponds 
4 and  lakes  were  unfrozen,  they  being  frefh  wa- 

* ter;  which  putteth  me  in  hope  of  a mild  film- 

* mer  here,  after  fo  fharp  a beginning  as  I have 
4 had  ; and  my  opinion  is  fuch,  and  I affure 
4 myfelf  it  is  fo,  that  a paffage  may  be  as  foon 
4 attained  this  way  by  the  Pole,  as  any  unknown 
4 way  whatfoever,  by  reafon  the  fun  doth  give 

* a great  heat  in  this  climate,  and  the  ice  (I 
4 mean  that  freezeth  here)  is  nothing  fo  huge  as 
4 I have  feen  in  feventy-three  degrees.  . . . Se- 
4 veral  other  voyagers  have  attempted  to  difco- 
ver this  paffage,  but  without  fuccefs.* 
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On  the  fifth  of  July,  Captain  Phipps  faw  great 
quantities  of  floating  ice  about  the  790  34  of  la- 
titude. The  weather  was  foggy.  The  next 
day  he  continued  his  courfe  as  far  as  the  790  59' 
39"  between  Spitzbergen  and  the  ice.  On  the 
7th,  he  proceeded  through  the  floating  mafles  of 
ice  in  queft  of  an  open  paflage  to  the  north 
by  which  he  might  gain  an  open  fea.  But  the 
ice  to  the  north-' north- weft  formed  one  continued 
mafs;  and  at  8o°  36'  the  fea  was  entirely  frozen  ; 
fo  that  all  the  attempts  of  Captain  Phipps  to 
difcover  a paflage  proved  abortive.  6 On  the 
4 1 2th  of  September,  Dr.  Irvine  tried  the  tem- 
« perature  of  the  fea  in  a ftate  of  great  agitation, 
4 and  found  it  confiderably  warmer  than  that  of 
4 the  atmofphere.  This  obfervation  is  the  more 
4 interefting,  as  it  agrees  with  a paflage  in  Plu- 
4 tarch’s  Natural  Queftions,  not  (I  believe)  before 
4 taken  notice  of,  or  confirmed  by  experiment, 
4 in  which  he  remarks,  4 that  the  fea  becomes 
4 warmer  by  being  agitated  in  waves.  . . .’  Thefe 
4 gales  are  as  common  in  the  fpring  as  in  the  au- 
4 tumn  ; there  }s  every  reafon  to  fuppofe,  there- 
4 fore,  that  at  an  early  feafon  we  fhould  have  met 
4 with  the  fame  bad  weather  in  going  out  as  we 
4 did  on  our  return.’  And,  as  Captain  Phipps 
departed  from  England  in  the  end  of  May,  he 
certainly  took  the  feafon  moft  favourable  to  his 
expedition. ... 4 There  was  alfo  moft  probability, 
6 if  ever  navigation  fhould  be  pradicable  to  the 

4 Pole! 
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* Pole,  of  finding  the  fea  open  to  the  northward 
4 after  the  folftice  ; the  fun  having  then  exerted 
4 the  full  influence  of  his  rays,  though  there  was 
‘ enough  of  the  fummer  ftill  remaining  for  the 
€ purpofe  of  exploring  the  feas  to  the  northward 
6 and  weftward  of  Spitzbergen.5 

I agree  entirely  with  this  able  navigator  ; and 
I fufped:  that  the  expedition  to  the  Pole  cannot 
be  renewed  with  fuccefs,  and  that  we  can  never 
reach  beyond  the  8 2d  or  83d  degree.  We  are 
allured  that  a veflel  from  Whitby,  in  the  year 
1 774,  penetrated  as  far  as  the  80th  degree,  with- 
out feeing  ice  fufficient  to  prevent  failing  ftill 
farther.  A Captain  Robinfon  is  likewife 
quoted,  from  whofe  journal  it  appears  that,  in 
1773,  he  arrived  at  the  8i°  3c/.  Laftly,  a 
Dutch  fhip  of  war,  fent  to  proted  the  whale- 
filhers,  is  faid  to  have  advanced,  about  fifty 
years  ago,  as  far  as  the  88th  degree.  Dr.  Camp- 
bell, it  is  added,  received  this  intelligence  from 
a Dr.  Daillie , who  was  in  the  veflel,  and  prac- 
tifed  phyfic  in  London  in  the  year  1745  *.  This 
is  probably  the  fame  navigator  whom  I formerly 
quoted  under  the  name  of  Captain  Mouton. 
But  I am  extremely  fufpicious  of  the  fad;  ; and 
I am  perfuaded,  that  we  lhall  in  vain  at- 
tempt to  reach  beyond  the  8 2d  or  83d  degree; 
and  that,  if  a paflage  by  the  north  is  practicable, 
it  can  only  be  by  the  vray  of  Hudfon’s  Bay. 

* Gazette  de  Literature,  Août  9,  1774,  No,  61. 
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On  this  fubjedt,  the  following  paffage  of  the 
learned  and  ingenious  author  of  the  Hiftory  of 
the  Two  Indies  merits  attention  : 4 Hudfon’s  Bay 
4 always  has  been,  and  is  (till  looked  upon  as  the 
4 neareft  road  from  Europe  to  the  Eaft  Indies, 
4 and  to  the  richeft  parts  of  Afia. 

4 Cabot  was  the  firft  who  entertained  an  idea 
4 of  a north- weft  paiTage  to  the  South- feas  ; but 
4 his  difcoveries  ended  at  Newfoundland.  After 
4 him  followed  a crowd  of  Englifh  navigators, 

4 many  of  whom  had  the  honour  of  giving  their 
4 names  to  favage  coafts  which  no  mortal  had 
4 ever  vifited  before.  Thefe  bold  and  memora- 
4 ble  expeditions  were  more  ftriking  than  really 
4 ufeful.  The  moft  fortunate  of  them  did  not 
4 furnifh  a fingle  idea  relative  to  the  objedt  of 
4 purfuit.  The  Dutch,  lefs  frequent  in  their  at~ 

4 tempts,  and  who  purfued  them  with  lefs  ar- 
4 dour,  were  of  courfe  not  more  fuccefsful,  and 
4 the  whole  began  to  be  treated  as  a chimera, 

4 when  the  difcovesy  of  Hudfon’s  Bay  rekindled 
4 all  the  hopes  that  were  nearly  extinguifhed. 

4 From  this  time  the  attempts  were  renewed 
4 with  frefh  ardour.  Thofe  that  had  been  made 
4 before  in  vain  by  the  mother- country,  whofe 
4 attention  was  engrofted  by  her  own  inteftine 
4 commotions,  were  purfued  by  New  England, 

4 whofe  fituation  was  favourable  to  the  enter- 
4 prife.  Still,  however,  for  fome  time  there 
4 were  more  voyages  undertaken  than  difcove- 

4 ries 
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6 ries  made.  The  nation  was  a long  time  kept 
‘ in  fufpenfe  by  the  contradictory  accounts  receiv- 
c ed  from  the  adventurers.  While  fome  main- 
4 tained  the  poffibility,  fome  the  probability, 

* and  others  afferted  the  certainty  of  the  paffage  ; 

4 the  accounts  they  gave,  inftead  of  clearing  up 
4 the  point,  involved  it  in  {till  greater  darknefs. 

4 Indeed,  thefe  accounts  are  fo  full  of  obfcurity 
4 and  confufion,  they  are  filent  upon  fo  many 
4 important  circumftances,  and  they  difplay  fuch 
4 vifible  marks  of  ignorance  and  want  of  vera- 
4 city,  that,  however  impatient  we  may  be  of  de- 
4 termining  the  queftion,  it  is  impoffible  to  build 
4 any  thing  like  a folid  judgment  upon  teflimo- 
4 nies  fo  fufpicious.  At  length,  the  famous 
4 expedition  of  1746  threw  fome  kind  of  light 
4 upon  a point  which  had  remained  enveloped 
4 in  darknefs  for  two  centuries  paft.  But  upon 
4 what  grounds  have  the  later  navigators  enter- 
4 tained  better  hopes?  What  are  the  experiments 
4 on  which  they  found  their  conjectures  ? 

4 Let  us  proceed  to  give  an  account  of  their 
4 arguments.  There  are  three  faCts  in  natural 
4 hiftory,  which  henceforward  muffc  be  taken 
4 for  granted.  The  firft  is,  that  the  tides  come 
4 from  the  ocean,  and  that  they  extend  more 
4 or  lefs  into  the  other  feas,  in  proportion  as 
4 their  channels  communicate  with  the  great 
4 refervoir  by  larger  or  fmaller  openings;  from 
4 whence  it  follows  that  this  periodical  motion 

4 is 


96  OF  SEAS  AND  LAKES. 

4 is  fcarcely  perceptible  in  the  Mediterranean,  in 
4 the  Baltic,  and  other  gulfs  of  the  fame  nature. 
4 A fécond  matter  of  fa£t  is,  that  the  tides  are 
4 much  later  and  much  weaker  in  places  more 
4 remote  from  the  ocean,  than  in  thofe  which 
4 are  nearer  to  it.  The  third  fadt  is,  that  vio- 
4 lent  winds,  which  blow  in  a direction  with  the 
4 tides,  make  them  rife  above  their  ordinary 
4 boundaries,  and  * that  thofe  which  blow  in  a 
4 contrary  dire&ion  retard  their  motion,  at  the 
4 fame  time  that  they  diminifh  their  fwell. 

c From  thefe  principles,  it  is  moil  certain  that, 
4 if  Hudfon’s  Bay  were  no  more  than  a gulf  in- 
4 clofed  between  two  continents,  and  had  no 
4 communication  but  with  the  Atlantic,  the  tides 
4 in  it  would  be  very  inconfiderable  ; they  would 
4 be  weaker  in  proportion  as  they  were  further 
4 removed  from  the  fource,  and  would  be  lefs 
4 ftrong  wherever  they  ran  in  a contrary  direc- 
4 tion  to  the  wind.  But  it  is  proved  by  obfer- 
4 vations  made  with  the  greateft  {kill  and  pre- 
4 cifion,  that  the  tides  are  very  high  throughout 
4 the  whole  bay.  It  is  certain  that  they  are 
4 higher  towards  the  bottom  of  the  bay  than  even 
4 in  the  ftrait  itfelf,  or  at  leaft  in  the  neigh- 
4 bourhood  of  it.  It  is  proved  that  even  this 
4 height  increafes  whenever  the  wind  blows  from 
4 a corner  oppofite  to  the  ftrait;  it  is,  there- 
4 fore,  certain,  that  Hudfon’s  Bay  has  a com- 

4 munication 
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c munication  with  the  ocean,  befide  that  which 
€ has  been  already  found  out. 

4 Thofe  who  have  endeavoured  to  explain 

* thefe  very  ftriking  fads,  by  fuppofmg  a com- 
4 munication  of  Hudfon’s  with  Baffin’s  Bay,  or 

* with  Davis’s  Straits,  are  evidently  miftaken, 
4 They  would  not  fcruple  to  rejed  this  opinion, 
4 for  which  indeed  there  is  no  real  foundation, 

* if  they  only  confidered  that  the  tides  are  much 
4 lower  in  Davis’s  Straits,  and  in  Baffin’s  Bay, 

* than  in  Hudfon’s. 

4 But  if  the  tides  in  Hudfon’s  Bav  can  come 

j 

4 neither  from  the  Atlantic  Ocean,  nor  from  any 
4 other  northern  fea,  in  which  they  are  con* 
4 ftantly  much  weaker,  it  follows  that  they  mull 
4 have  their  origin  in  the  South  Sea.  And  this 
4 is  ftill  further  apparent  from  another  leading 
4 fad,  which  is,  that  the  higheft  tides  ever 
4 obferved  upon  thefe  coafts,  are  always  occa- 
4 fioned  by  the  north-weft  winds,  which  blow 
4 diredly  againft  the  mouth  of  the  fixait. 

4 Having  thus  determined,  as  much  as  the  na- 
4 ture  of  the  fubjed  will  permit,  the  exiftence 
6 of  this  paffage  fo  long  and  fo  vainly  wifhed  for, 
4 the  next  point  is  to  find  out  in  what  part  of 
4 the  bay  it  is  to  be  expeded.  From  confider- 
4 ing  every  circumftance,  we  are  induced  to 
4 think,  that  the  attempts,  which  have  been  hi- 
4 therto  made  without  either  choice  or  method, 
4 ought  to  be  direded  towards  Welcome  Bay,  on 
vol.  ix.  a 4 the 
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4 the  weftern  coaft.  Firft,  the  bottom  of  the  fea' 

4 is  to  be  feen  there  at  the  depth  of  about  eleven 
* fathom,  which  is  an  evident  fign  that  the  wa- 
4 ter  comes  from  fome  ocean,  as  fuch  a tranfpa- 
4 rency  could  not  exifl  in  waters  difcharged  from 
4 rivers,  or  in  melted  fnow  or  rain.  Secondly, 

4 the  currents  keep  this  place  always  free  from 
4 ice,  while  all  the  reft  of  the  bay  is  covered 
4 with  it  ; and  their  violence  cannot  be  account- 
4 ed  for  but  by  fuppofing  them  to  come  from 
4 fome  weftern  fea.  Laftly,  the  whales,  who 
4 towards  the  latter  end  of  autumn  always  go  in 
4 fearch  of  the  warmeft  climates,  are  found  in 
4 great  abundance  in  thefe  parts  towards  the  end 
4 of  fummer,  which  would  feem  to  indicate  that 
4 there  is  an  outlet  for  them  from  thence  to  the 
4 fouth  feas,  not  to  the  northern  ocean. 

4 It  is  probable  that  the  paffage  is  very  fhort. 

4 All  the  rivers  that  empty  themfelves  on  the 
4 weftern  coaft  of  Hudfon’s  Bay  are  fmall  and 
4 flow,  which  feems  to  prove  that  they  do  not 
4 come  from  any  diftance  ; and  that  confequently 
4 the  lands  which  feparate  the  two  feas  are  of  a 
4 fmall  extent.  This  argument  is  ftrengthened 
4 by  the  height  and  regularity  of  the  tides. 
4 Wherever  there  is  no  other  difference  between 
4 the  times  of  the  ebb  and  flow,  but  that  which 
4 is  occafioned  by  the  retarded  progreflion  of 
4 the  moon  in  her  return  to  the  meridian,  it  is 
* a certain  fign  that  the  ocean  from  whence 
6 4 thofe 
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* thofe  tides  come  is  very  near.  If  the  paffage 
« is  fhort,  and  not  very  far  to  the  north,  as  every 

* thing  feems  to  promife,  we  may  alfo  pre- 
€ fume  that  it  is  not  very  difficult.  The  rapidi- 

* ty  of  the  currents  obfervable  in  thefe  latitudes, 
‘ which  prevents  any  flakes  of  ice  from  continu- 
‘ ing  there,  cannot  but  give  fome  weight  to  this 
‘ conjecture.’ 

I believe,  with  this  excellent  writer,  that  if 
a practicable  paffage  exifts,  it  muff  be  at  the 
bottom  of  Hudfon’s  Bay,  and  that  all  attempts 
by  Baffin’s  Bay  will  be  fruitlefs,  becaufe  the  cli- 
mate is  too  cold,  and  its  coafts  are  always  frozen, 
efpecially  towards  the  north.  But  the  exift- 
ence  of  this  paffage  is  rendered  ftill  ipore 
doubtful  by  the  lands  difcovered,  in  1741,  by 
Bering  and  Tchirikow,  under  the  fame  latitude 
with  Hudfon’s  Bay  ; for  thefe  lands  feem  to 
form  a part  of  the  great  Continent  of  America, 
which  appears  to  ftretch  under  the  fame  lati- 
tude as  far  as  the  Polar  Circle.  Of  courfe,  the 
paffage  into  the  South  Sea  can  only  be  found, 
about  the  55th  degree  of  north  latitude. 

IV. 

Of  the  Cafpian  Sea , vol.  i.  p.  3 27. 

TO  what  was  advanced  in  order  to  prove 
that  the  Cafpian  Sea  is  only  a lake,  and  never 
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had  any  communication  with  the  ocean,  1 have 
to  add  the  anfwers  I received  from  the  Academy 
of  Peterfburg  to  fome  queries  I tranfmitted  them 
concerning  this  fea. 

4 Augufto  1748,  Odober  5,  &c.  Cancellaria 
4 Academiæ  Scientiarum  mandavit,  ut  Aftra- 
4 chanenfis  Gubernii  Cancellaria  refponderet 
4 ad  fequentia.  1 . Suntne  vortices  in  mari 
4 Cafpico  necne  ! 2.  Quæ  genera  pifcium 

4 illud  inhabitant  ! Quomodo  appellantur  ! Et 
4 an  marini  tantum  aut  et  fluviatiles  ibidem 
4 reperiantur  1 3.  Qualia  genera  concharum  ! 

4 Quæ  fpecies  oftrearum  et  cancrorum  occur- 
4 runt  ! 4.  Quæ  genera  marinarum  avium  in 

4 ipfo  mari  aut  circa  illud  verlantur  ! ad  quæ 
4 Aftrachenfis  Cancellaria  d.  13.  Mart.  1749, 
4 fequentibus  refpondit. 

4 Ad  1.  in  mari  Cafpico  vortices  occurrunt 
4 nufquam  ; hinc  eft  quod  nec  in  mappis  marinis 
4 extant,  nec  ab  ullo  officialium  rei  navalis  vift 
4 elfe  perhibentur. 

4 Ad  2.  pifces  Cafpinum  mare  inhabitant; 
4 Acipenferes,  Sturioli,  Gmel,  Siruli  Cyprini 
4 clavati,  Bramæ,  Percæ,  Cyprini  ventre  acuto, 
4 ignoti  alibi  pifces,  tincæ,  falmones,  qui,  ut 
4 e mari  fluvios  intrare,  ita  et  in  mare  e fluviis 
4 remeare  folent  ; 

4 Ad  3.  conchse  in  littoribus  maris  obvia? 
4 quidem  funt,  fed  parvæ,  candidæ,  aut  ex  unâ 
4 parte  rubræ.  Çancri  ad  littorâ  obfervantur 
^ 4 inagni- 
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4 magnitudine  fluviatilibus  fimiles  ; oftreæ  autem 
4 et  capita  Medufæ  vifa  funt  nufquam. 

4 Ad  4.  aves  marinæ  quæ  circa  mare  Caf- 
4 pium  verfantur  funt  anferes  vulgares  et  rubri, 
* pelicani,  cygni,  anates  rubræ  et  nigricantes, 
1 aquilæ,  corvi  aquatici,  grues,  plateæ,  ardeæ 
c albæ,  cinereæ,  et  nigricantes,  ciconiæ  albæ 
4 gruibus  fimiles,  Karawaiki  (ignotum  avis  no- 
4 men)  larorum  variæ  fpecies,  fturni  nigri  et 
4 lateribus  albis  inftar  picarum,  phyfïani,  anferes 
4 parvi  nigricantes,  Tudaki  (ignotum  avis  no- 
4 men)  albo  colore  præditi.’ 

Thefe  fa£ts,  which  are  both  accurate  and 
authentic,  confirm  my  pofition,  that  the  Caf- 
pian  Sea  has  no  fubterraneous  communication 
with  the  ocean.  They  prove  farther,  that  this 
fea  never  formed  a part  of  the  ocean;  for  it 
contains  neither  oyfters  nor  any  other  fea- 
ihells,  but  fuch  fpecies  only  as  are  found  in 
rivers.  We  are,  therefore,  warranted  to  con- 
clude, that  this  fea  is  nothing  but  a great  lake 
formed  by  the  waters  of  rivers,  fince  we  find 
in  it  the  fame  fifhes  and  the  fame  fhells  which 
inhabit  the  rivers,  and  none  of  thofe  which 
people  the  ocean,  or  the  Mediterranean. 
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V. 

Of  the  Salt  Lakes  of  Afa . 

IN  the  country  of  the  Ufian  Tartars,  fo  called 
becaufe  they  inhabit  the  banks  of  the  river  Uf> 
there  are,  M.  Pallas  remarks,  lakes,  the  waters 
of  which  were  formerly  frefh,  and  are  now  fait. 
He  makes  the  fame  remark  concerning  a lake 
near  Miacs. 

One  of  the  lakes  moll  famous  for  the  quan-* 
tity  of  fait  extrad:ed  from  it,  is  that  near  the 
banks  of  the  river  Ifel,  called  Soratfchya . The 
fait  of  it,  in  general,  is  bitter,  and  employed  by 
the  phyficians  as  a good  purgative.  Two  ounces 
of  this  fait  make  a very  ftrong  dofe.  Near 
Kurtenegfch,  the  fhoals  are  covered  with  a bit- 
ter fait,  which  rifes,  like  a field  of  fnow,  to  the 
height  of  two  inches.  The  lake  Korjackof  fur- 
nifh.es  annually  three  hundred  thoufand  cubic 
feet  of  fait*.  Lake  Jennu  like  wife  furnifhes  a 
great  quantity. 

In  the  voyages  performed  under  the  aufpices 
of  the  Academy  of  Petersburg,  mention  is  made 
of  the  fait  lake  of  Jamufcha  in  Siberia.  This 
lake,  which  is  nearly  round,  is  only  about  nine 
leagues  in  circumference.  Its  margins  are  co- 

* The  cubic  foot  weighs  thirty -five  pounds  each  of  fixteen 
ounces. 
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vered  with  fait,  and  the  bottom  is  clothed  with 
cryftals  of  fait.  The  water  is  extremely  fait; 
and,  when  the  fun  fhines,  it  appears  reddifh  like 
the  fky  in  a fine  morning.  The  fait  is  as  white 
as  fnow,  and  forms  itfelf  into  cubic  cryftals. 
The  quantity  of  it  is  fo  immenfe,  that  a num- 
ber of  veflels  may,  in  a fhort  time,  be  loaded 
with  it  ; and,  after  it  has  been  removed,  it  is 
again  replaced  in  five  or  fix  days.  It  is  fuffi- 
cient  to  remark,  that  it  fupplies  the  provinces 
of  Tobolfki  and  Jenifeik,  and  that  this  lake 
could  fupply  fifty  provinces  of  fimilar  extent. 
The  commerce  of  this,  as  well  as  of  all  other 
fait,  is  referved  in  the  hands  of  the  crown.  This 
fait  is  exceedingly  good.  It  furpafles  all  others 
in  whitenefs,  and  none  is  more  proper  for  cur- 
ing meat.  In  the  fouth  of  Afia,  there  are 
Jikewife  fait  lakes,  one  near  the  Euphrates,  and 
another  in  the  neighbourhood  of  Barra.  There 
are  others,  it  is  faid,  near  Haleb,  and  at  Larne- 
ca  in  the  Ifland  of  Cyprus.  This  laft  borders 
upon  the  fea.  The  fait  valley  of  Barra,  being 
at  no  great  diftance  from  the  Euphrates,  might 
be  worked,  if  its  waters  were  made  to  run  into 
this  river,  and  if  the  earth  was  good  : But  at 
prefent  this  earth  yields  a good  fait  for  the 
kitchen,  and  even  in  fuch  quantity  that  the 
Bengal  veflels,  when  returning  in  ballaft,  take 
in  loadings  of  this  fait*. 


* Defcript.  de  l’Arabie,  par  M.  Niebuhr,  p.  2. 
G 4 
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* ADDITIONS  and  Corrélions  to  the  Article , 
Of  Inequalities  at  the  Bottom  of  the  Sea , and 
of  Currents , voL  i.  p.  25 1 * 


I. 

Of  the  Nature  and  Quality  of  the  Soil  at  the  Bottom 
of  the  Sea , p.  357. 

\/T  L’Abbé  Dicquemare,  a learned  natural 
iuV-tv©  philofopher,  has  made  fome  obfervations 
on  this  fubjedt,  which  feem  to  accord  with  what 
I have  advanced  in  my  Theory  of  the  Earth. 

Converfations  with  pilots  of  all  languages,  the 
perufal  of  charts  and  foundings  both  ancient 
and  modern,  the  examination  of  fuch  bodies 
as  attach  themfelves  to  the  plummet,  the  infpec- 
tion  of  coafts,  banks,  and  of  the  flrata  which 
compofe  the  interior  parts  of  the  earth,  to  a 
depth  nearly  equal  to  the  length  of  our  com- 
mon plumb-lines,  Lome  reflections  which  are 
molt  analogous  to  this  fubject  arifing  from 
phyfics,  cofmography,  and  natural  hiftory, 
have  made  me  fufpeâ,  nay,  have  even  convinced 
me,  lays  M.  l’Abbe'  Dicquemare,  ‘ that,  in  fome 

i places. 


OF  SEAS  AND  LAKES. 


105 

places,  there  muft  be  two  different  bottoms, 
the  one  often  covering  the  other  at  intervals  ; 
The  ancient  and  permanent,  which  may  be 
called  the  general  bottom,  and  the  other  acci- 
dental or  particular.  The  firft,  which  ought  to 
form  the  bans  of  a general  pi&ure,  is  the  foil 
of  the  bafin  that  contains  the  fea.  It  is  com- 
pofed  of  the  fame  ftrata  which  we  every 
where  find  in  the  bowels  of  the  earth,  fuch  as 
marl,  ftone,  clay,  fand,  fhells,  all  difpofed  ho- 
rizontally, and  of  an  equal  thicknefs  through 
a great  extent.  . . Here,  we  find  a bottom, 
of  marl  ; there,  a bottom  of  clay,  fand,  or  rock. 
Laftly,  the  number  of  general  bottoms  difco- 
verable  by  founding  exceeds  not  fix  or  feven 
fpecies.  The  moft  extenfive  and  thickeft  of 
thefe  ftrata,  being  uncovered,  or  cut  perpendi- 
cularly, form  great  fpaces  in  the  fea,  where 
we  ought  to  recognife  the  general  bottom,  in- 
dependent of  fuch  foreign  fubftances  as  may 
be  depofited  by  currents  or  other  caufes. 
There  are  other  permanent  bottoms  which 
we  have  not  hitherto  mentioned  : Thefe  are 
thofe  immenfe  maffes  of  madrepores  and 
corals,  which  often  cover  a bottom  of  rock, 
and  thofe  enormous  and  extended  banks  of 
fhells,  which  a rapid  multiplication,  or  other 
caufes,  have  accumulated,  and  which  occur  in 
different  places,  as  it  were  in  colonies.  One 
fpecies  occupies  a certain  extent  3 the  fucceed- 
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4 ing  fpace  is  occupied  by  another  fpecies,  in 
4 the  fame  mariner  as  has  been  remarked  with 
4 regard  to  foffil  fhells,  in  a great  part  of  Europe, 
4 and  perhaps  every  where  elfe.  It  is  by  ob- 
4 fervations  on  the  interior  parts  of  earth,  and 
‘ on  fuch  places  as  the  fea  leaves  uncovered, 
*■  where  we  always  fee  particular  fpecies  reign- 
4 ing  over  certain  diftridts,  that  we  have  been 
4 enabled  to  form  fome  idea  of  the  prodigious 
4 number  of  individuals,  and  of  the  thicknefs 
4 of  the  banks  at  the  bottom  of  the  fea,  of  which 
4 we  can  only  know  the  furface  by  our  found- 
4 ings. 

4 The  accidental  or  particular  bottom  is 
4 compofed  of  immenfe  numbers  of  the  prie- 
4 kies  of  the  fea-urchin  ; of  fragments  of  fhells, 
4 fometimes  corrupted  ; of  cruftaceous  animals  ; 
4 of  madrepores  ; of  fea-plants  ; of  pyrites  ; of 
4 granites  rounded  by  fridtion;  of  pieces  of  mo- 
4 ther- of- pearl  ; of  mica;  perhaps  of  talc,  to 
4 which  different  names  are  given  according 
4 to  their  appearances  ; of  entire  fhells,  but 
4 in  fmall  quantity,  and  feemingly  difperfed 
4 through  no  great  extent  ; of  fmall  flints,  fome 
4 cryftals,  coloured  fands,  a light  flime,  &c. 
4 All  thefe  bodies,  diffeminated  by  the  currents, 
4 the  agitation  ôf  thé  waters,  and  partly  proceed- 
4 ing  from  the  rivers,  from  the  finking  of  hills  or 
4 high  beaches,  and  other  accidental  caufes, 
4 feldotn  perfectly  cover  the  general  bottom, 

which 
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* which  appears  every  inftant,  when  we  found 

* often  in  the  fame  regions.  ...  I remarked,  that, 
c during  near  a century,  a great  part  of  the  ge- 
« neral  bottoms  of  the  Gulf  of  Gafcony  and  la 
4 Mancha,  have  fuffered  little  or  no  change, 

■ which  fupports  my  opinion  concerning  the  two 
4 bottoms*.’ 

II. 

Of  Currents  in  the  Ocean  ; voh  i.  p.  365. 

TO  the  enumeration  of  currents,  we  fhall  add 
the  famous  current  of  Mofckoe,  Mofche,  or 
Male,  on  the  coaft  of  Norway,  of  which  a learn- 
ed Swede  has  given  the  following  defcription  : 

4 This  current,  which  took  its  name  from  the 
4 rock  of  Mofchenficle,  fituated  between  the  two 
4 iflands  of  Tofode  and  Woeroen,  extends  four 
4 miles  from  north  to  fouth. 

4 It  is  extremely  rapid,  efpecially  between  the 
4 rock  of  Mofche  and  the  point  of  Lofoede.  But, 
4 in  proportion  as  it  approaches  the  two  ifles  of 
4 Woeroen  and  Roueft,  its  rapidity  diminiflies. 
4 It  fini  flies  its  courfe  from  north  to  fouth  in  fix 
4 hours,  and  from  fouth  to  north  in  an  equal 
4 time. 

* journ.  de  Phyf.  par  M,  Abbé  Rozier,  Dec,  1775,  p.  438. 
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4 This  current  is  fo  rapid,  that  it  produces  a 
4 number  of  fmall  eddies,  which  the  Norwegians 
4 call  gargamer. 

4 Inftead  of  following  the  courfe  of  the  tides, 
4 it  obferves  an  oppofite  direction.  When  the 

* waters  of  the  ocean  rife,  they  proceed  from 

* fouth  to  north,  but  the  current  then  runs  from 

* north  to  fouth.  When  the  fea  retires,  it  goes 
4 from  north  to  fouth,  but  the  current  then  runs 
4 from  fouth  to  north. 

4 It  is  remarkable,  that,  both  in  going  and 
c returning,  it  does  not  defcribe  a ftraight  line, 
4 like  other  currents  found  in  fome  ftraits,  where 
4 the  waters  of  the  fea  rife  and  fall  ; but  it  moves 
4 in  a circular  direction. 

4 When  the  waters  of  the  fea  have  rifen  one 
4 half,  thofe  of  the  current  run  to  the  fouth  fouth- 
4 eaft.  In  proportion  as  the  fea  rifes,  the  current 
4 turns  towards  the  fouth  ; from  thence  it  turns 
4 toward  the  fouth-weft,  and  from  the  fouth-weft 
4 to  the  weft. 

4 When  the  tide  is  full,  the  current  goes  to- 
4 ward  the  north-weft,  and  then  toward  the 
4 north.  About  the  middle  of  the  reflux,  the 
4 current  recommences  its  courfe  after  having 
4 been  fufpended  during  fome  féconds. 

4 The  principal  phænomenon  is  its  return  by 
4 the  weft  from  the  fouth  fouth-eaft  toward  the 
4 north.  If  it  did  not  come  back  by  the  fame 
road,  it  would  be  difficult  and  almoft  impoffible 

4 to 


4 


OF  SEAS  AND  LAKES.  109 

4 to  fail  from  the  point  of  Lofoede  to  the  two 
4 great  iflands  of  Woeroén  and  Roueft.  There 
4 are  two  parifhes,  which  would  necefiarily  be  un- 
4 inhabited,  if  the  current  obferved  not  the  courfe 
4 I have  defcribed.  But,  as  it  a&ually  obferves 
4 this  courfe,  thofe  who  pafs  from  the  point  of 
4 Lofoede  to  the  two  iflands,  wait  till  the  tide 
4 has  rifen  one  half,  becaufe  the  direction  of  the 
4 current  is  then  to  the  weft.  When  they  want 
4 to  return  from  thefe  iflands  to  the  point  of 
4 Lofoede,  they  wait  till  the  tide  be  half  ebb  ; 
4 becaufe  the  courfe  of  the  current  is  then  toward 
4 the  Continent.  This  circumftance  renders  the 
4 paflage  very  eafy.  . . Now,  there  is  no  current 
4 without  a declivity  ; and  here  the  water  rifes 

4 on  one  fide  and  defcends  by  the  other 

4 To  be  convinced  of  this  truth,  we  have  only 
4 to  confider  that  there  is  a ftaall  tongue  of  land 
4 in  Norway  which  extends  fixteen  miles  into 
4 the  fea,  from  the  point  of  Lofoede,  which  in- 
4 dines  more  to  the  weft,  as  far  as  that  of  Lod- 
4 dinge,  which  inclines  more  to  the  eaft.  This 
4 tongue  of  land  is  furrounded  by  the  fea  ; and, 
4 whether  during  the  flux  or  reflux,  the  water 
4 is  always  ftopt  there  ; becaufe  it  can  have  no 
4 iflfue  but  through  fix  fmall  ftraits  or  paflages 
4 which  divide  the  tongue  of  land  into  an  equal 
4 number  of  portions.  Some  of  thefe  exceed  not 
4 half  a quarter  of  a mile  in  breadth,  and  fome- 
4 times  not  half  fo  much.  Hence  they  con- 

4 tain 
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* tain  only  a 1 mall  quantity  of  water.  Of  courfe, 
4 when  the  fea  rifes,  a great  part  of  the  water 
4 coming  to  the  north  is  ftopt  to  the  fouth  of 
4 this  tongue  of  land.  The  waters  are,  therefore, 
4 much  more  elevated  toward  the  fouth,  than  to- 
4 ward  the  north.  When  the  fea  retires,  and 
< goes  toward  the  fouth,  a great  part  of  the  wa- 
« ter,  in  the  fame  manner,  is  arrefted  to  the 
4 north  of  this  tongue  of  land,  and,  confequently, 
4 is  much  higher  towards  the  north  than  towards 
4 the  fouth. 

4 The  waters  thus  interrupted  fometimes  at 
4 the  north  and  fometimes  at  the  fouth,  can  find 
4 an  ifliie  only  between  the  point  of  Lofoede 
4 and  the  ifland  of  Woeroen,  and  between  this 
4 ifland  and  that  of  Roueft. 

4 The  declivity  of  the  waters,  when  they  de- 
4 fcend,  produces  the  rapidity  of  the  current  ; 

4 and,  for  the  fame  reafon,  this  rapidity  is 
4 greateft  towards  the  point  of  Lofoede.  As  this 
4 point  is  neareft  the  place  where  the  waters  are 
4 ftopt,  the  rapidity  there  is  likewife greateft;  and, 
4 in  proportion  as  the  waters  of  the  current  ex- 
4 tend  towards  the  iflands  of  Woeroen  and  Roueft, 

4 their  celerity  decreafes, 

4 It  is  now  eafy  to  conceive  why  the  current 
4 is  always  diametrically  oppofite  to  the  motion 
4 of  the  fea.  Nothing  oppofes  the  common  move- 
4 meats  of  the  waters,  whether  they  rife  or  fall. 

4 But  the  waters  which  are  ftopt  above  the  point 

4 of 
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4 of  Lofoede  can  neither  move  in  a ftraight 
4 line,  nor  beyond  this  point,  while  the  fea  has 
4 not  defcended  lower,  and  has  not,  in  retiring» 

4 carried  off  the  waters,  which  thofe  that  are 
4 ftopt  above  the  point  of  Lofoede  ought  to  re- 
4 place 

4 At  the  commencement  of  the  flux  and  reflux, 

4 the  waters  of  the  fea  cannot  turn  back  thofe  of 
4 the  current  ; but  when  they  have  rifen  or 
4 fallen  one  half,  they  are  then  enabled  ta 
4 change  the  dire&ion  of  the  current.  As  it  can- 
4 not  then  turn  toward  the  eaft,  becaufe  the  water 
4 is  always  ftable  near  the  point  of  Lofoede,  as 
4 formerly  remarked,  it  mull  neceflarily  proceed 
4 toward  the  weft,  where  the  water  is  lower 
This  explication  feems  to  be  conformable  to  the 
true  principles  of  the  theory  of  running  waters. 

We  muft  ftill  add  the  defcription  of  the  famous 
current  of  Scylla  and  Charybdis,  near  the  ifland 
of  Sicily,  concerning  which  Mr.  Bry  done  has  late- 
ly made  fome  obfervations  tending  to  prove  that 
the  violence  and  rapidity  of  its  movements  are 
much  diminiflied, 

4 It  was  almoft  a dead  calm,  our  fliip  fcarce 
4 moving  half  a mile  in  an  hour,  fo  that  we  had 
4 time  to  get  a complete  view  of  the  famous  rock 
4 of  Scylla,  on  the  Calabrian  fide,  Cape  Pylorus 
4 on  the  Sicilian,  and  the  celebrated  Straits  of 

* Defcript.  da  Courant  de  Mofckoe,  &ç.  Journal  Etranger , 
Février  1758,  p.  25, 

« the 
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4 the  Faro  that  runs  between  them.  Whilft  we 
4 were  ftill  fome  miles  diftant  from  the  entry  of 
4 the  Straits,  we  heard  the  roaring  of  the  current, 
4 like  the  noife  of  fome  large  impetuous  river 
4 confined  between  narrow  banks.  This  in- 
4 creafed  in  proportion  as  we  advanced,  till  we 
* faw  the  water  in  many  places  raifed  to  a con- 
4 fiderable  height,  and  forming  large  eddies  or 
1 whirlpools.  The  fea  in  every  other  place  was 
4 as  fmooth  as  glafs.  Our  old  pilot  told  us,  that 
4 he  had  often  feen  fhips  caught  in  thefe  eddies, 
4 and  whirled  about  with  great  rapidity,  without 
4 obeying  the  helm  in  the  fmallefl  degree. 

4 When  the  weather  is  calm,  there  is  little  danger; 

4 but  when  the  waves  meet  with  this  violent 
4 current,  it  makes  a dreadful  fea.  He  fays, 
4 there  were  five  fhips  wrecked  in  this  fpot  laft 
4 winter.  We  obferved  that  the  current  fet  ex- 
4 adtly  for  the  rock  of  Scylla,  and  would  infal- 
4 libly  have  carried  any  thing  thrown  into  it 
4 againft  that  point  ; fo  that  it  was  not  without 
4 reafon  the  ancients  have  painted  it  as  an  objedt 
4 of  fuch  terror.  It  is  about  a mile  from  the 
4 entry  of  the  Faro,  and  forms  a fmall  promon- 
4 tory,  which  runs  a little  out  to  fea,  and  meets 
4 the  whole  force  of  the  waters,  as  they  come 
4 out  of  the  narrowed  part  of  the  Straits.  The 
4 head  of  this  promontory  is  the  famous  Scylla. 

4 It  muft  be  owned  that  it  does  not  altogether 
4 come  up  to  the  formidable  defcription  that 

4 Homer 
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^ Homer  gives  of  it;  the  reading  of  which  (like 

* that  of  Shakefpear’s  Cliff)  almoft  makes  one’s 
4 head  giddy.  Neither  is  the  paffage  fo  wonder* 
i ous  narrow  and  difficult  as  he  makes  it.  In- 

* deed  it  is  probable  that  the  breadth  of  it  is 
4 greatly  increafed  lince  his  time,  by  the  violent 
4 impetuofity  of  the  current.  And  this  violencè, 
4 too,  mu  ft  have  always  diminiffied,  in  proportion. 
4 as  the  breadth  of  the  channel  increafed.  The 
4 rock  is  near  200  feet  high.  There  is  a kind  of 
4 caftle  or  fort  built  on  its  fummit  ; and  the 
4 town  of  Scylla,  or  Sciglio,  containing  three  or 
4 four  hundred  inhabitants,  (lands  on  its  fouth 
4 fide,  and  gives  the  title  of  prince  to  a Calabrefe 
4 family.  We  lay  juft  oppofite  to  Cape  Pylorus 
4 where  the  light-houfe  is  now  built, . , . . The 
4 mouth  of  the  Straits,  betwixt  the  promontories 
4 of  Pylorus  in  Sicily,  and  the  Coda  de  Volpe  in 
4 Calabria,  appears  fcarcely  to  be  a mile.  But 
4 the  channel  enlarges  to  four  miles  in  breadth 
4 near  Meffina,  which  is  twelve  miles  from  the 
4 mouth  of  the  Straits.  . . The  celebrated  gulf 
4 or  whirlpool  of  Charybdis  lies  near  to  the  en- 
4 try  of  the  harbour  of  Meffina,  and  often  occa~ 

4 fions  fuch  an  inteftine  and  irregular  motion  in 
4 the  water,  that  the  helm  lofes  moll  of  its  power, 

4 and  fhips  have  great  difficulty  to  get  in,  even 
4 with  the  faireft  wind  that  can  blow,  . . , Ari- 
4 ftotle  gives  a long  and  formidable  defeription 
4 of  it  in  his  I2jth  chapter,  De  Admirandis, 

vol.  ix,  h 4 which 
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4 which  I find  tranflated  in  an  old  Sicilian  book 
4 I have  got  here.  It  begins,  44  Adeo  profun- 
44  dum,horridumque  fpeûaculum,”  &c.  but  it  is 
4 too  long  to  tranfcribe.  It  is  likewife  defcribed 
4 by  Homer,  1 2th  of  theOdyfiey;  Virgil,  3d 
4 Æneid  ; Lucretius,  Ovid,  Salluft,  Seneca,  as 
4 alfo  by  many  of  the  old  Italian  and  Silician 
4 poets,  who  all  fpeak  of  it  in  terms  of  horror; 
4 and  reprefent  it  as  an  object  that  infpired  terror, 
4 even  when  looked  on  at  a diftance.  It  certainly 
4 is  not  now  fo  formidable  ; and  very  proba- 
4 bly,  the  violence  of  this  motion,  continued  for 
4 fo  many  ages,  has  by  degrees  worn  fmooth  the 
4 rugged  rocks,  and  jutting  fhelves,  that  may 
4 have  intercepted  and  confined  the  waters.  The 
4 breadth  of  the  Straits  too,  in  this  place,  I make 
4 no  doubt  is  confiderably  enlarged.  Indeed, 
4 from  the  nature  of  things  it  mull  be  fo;  the 
4 perpetual  fri&ion  occafioned  by  the  current 
4 muft  wear  away  the  bank  on  each  fide,  and 
4 enlarge  the  bed  of  the  water. 

4 The  veflels  in  this  paflage  were  obliged  to 
4 go  as  near  as  poffible  to  the  coaft  of  Calabria, 
4 in  order  to  avoid  the  fusion  occafioned  by  the 
4 whirling  of  the  waters  of  this  vortex;  by 
4 which  means,  when  they  came  to  the  narroweft 
4 and  mod  rapid  part  of  the  Straits,  betwixt 
4 Cape  Pylorus  and  Scylla,  they  were  in  great 
4 danger  of  being  carried  upon  that  rock.  From 
• whence  the  proverb,  ftill  applied  to  thofe  who» 
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* in  attempting  to  avoid  one  evil,  fall  into  a no- 

* ther, 

(<  Incidit  in  Scyllam,  cupiens  vitare  Caryl^m.” 

4 Here  another  light-houfe  is  placed  to  warn 
4 failors  of  their  approach  to  Charybdis,  as  that 
4 other  on  Cape  Pylorus  is  intended  to  give  them 
4 notice  of  Scylla 

* Brydone’s  Tour,  vol.  i.  p.  40.  &c . 
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ADD  IT  10  NS  to  the  Article , Of  Regular 
Winds,,  vol.  i.  p.  367. 

Î. 


Of  Refelled  Wind,  p.  37g. 

T SHALL  here  mention  a fad  which  feems  to 
have  efcaped  the  obfervation  of  natural 
philofophers,  though  every  man  is  in  a condi- 
tion to  convince  himfelf  of  its  truth.  The  fad  is, 
that  the  refleded  wind  is  more  violent  than  the 
dired,  and  ftill  more  fo  in  proportion  to  the 
nearnefs  of  the  obftacle  by  which  it  is  refleded. 
I have  often  made  the  experiment  by  approach- 
ing a tower,  of  near  a hundred  feet  high,  and 
fituated  at  the  north  of  my  garden  at  Montbard. 
When  a ftrong  foutli  wind  blows,  we  are  vio- 
lently pufhed  back,  at  the  diftance  of  thirty 
paces  : After  which,  there  is  an  interval  for 
five  or  fix  paces,  where  the  violence  of  the  re- 
fleded wind  ceafes,  and  feems  to  be  in  equili- 
brium with  the  dired.  The  nearer  we  approach, 
the  {Length  of  the  refleded  wind  augments, 

and 
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and  puffies  us  back  with  much  greater  force 
than  the  direct  wind  puffies  us  forward.  The 
caufe  of  this  general  effed,  which  may  be  per- 
ceived oppofite  to  any  high  buildings,  preci- 
pices, &c.  it  is  not  difficult  to  difcover.  The 
air  in  the  dired  wind  ads  only  by  its  celerity 
and  its  common  volume  ; but  this  volume  or 
mafs  is  confiderably  augmented  by  the  compref- 
fion  it  receives  from  the  obftacle  by  which  it  is 
reflected  ; and,  as  the  quantity  of  every  mo- 
tion confifts  of  the  celerity  multiplied  by  the 
volume,  this  quantity  is  much  greater  after  be- 
ing comprefled  than  before.  It  is  a volume  of 
common  air  which  ads  in  the  firft  cafe,  and 
a volume  of  air  of  double  or  triple  the  denfity 
which  ads  in  the  fécond. 

II. 


Of  the  State  of  the  Air  at  the  Top  of  high  Moun- 
tains. 

IT  has  been  proved  by  a thoufand  experi- 
ments, that  the  higher  we  rife  above  the  level 
of  the  fea  or  of  plains,  the  column  of  mercury  in 
the  barometer  finks  the  lower;  and,  confequent- 
ly,  that  the  weight  of  a column  of  air  diminiflies 
in  proportion  to  the  elevation  of  the  place  ; 
and  as  air  is  an  elaftic  and  compreffible  fluid, 

H 3 philofq- 
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philofophers  have  unanimoufly  concluded  from 
thefe  experiments,  that  the  air  is  much  more 
denfe  and  comprefled  in  the  plains,  than  on 
the  tops  of  mountains.  For  example,  if  the 
barometer,  which  ftands  at  27  inches  in  the 
plain,  falls,  on  the  top  of  a mountain,  to  18,  à 
difference  of  one  third  of  the  whole  weight  of 
the  column  of  air,  we  fay,  that,  the  compreflion 
of  this  element  being  always  proportioned  to 
the  incumbent  weight,  the  air  at  the  top  of  the 
mountain  is,  of  courfe,  one  third  lefs  denfe 
than  that  in  the  plain,  becaufe  it  is  compreffed 
by  a weight  one  third  lefs,  But  flrong  reafons 
concur  in  making  me  fufped  the  truth  of  this 
conclufion,  which  has  hitherto  been  regarded  as 
natural,  and  perfe&ly  legitimate. 

Let  us,  for  a moment,  abftrad  this  compreffi- 
bility  of  the  air,  which  feveral  caufes  may  aug- 
ment or  diminifh,  deftroy  or  compenfate  : Let 
us  fuppofe  the  air  to  be  every  where  equally 
denfe  ; if  its  thicknefs  exceeded  not  three 
leagues,  it  is  certain,  that,  in  mounting  one 
league,  the  barometer,  being  loaded  with  one 
third  lefs  weight,  would  defcend  from  27  to  18 
inches.  Now  the  air,  though  compreffible,  ap- 
pears to  me  to  be  equally  denfe  at  all  heights; 
and  this  opinion  I fhall  fupport  by  the  following 
fa£ts  and  reafonings. 

1,  The  winds  are  equally  ftrong  and  equal- 
ly violent  at  the  tops  of  the  higheft  mountains 

as 
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as  in  the  loweft  valleys.  With  regard  to  this 
fad:  all  obfervers  are  agreed.  Now,  if  the  den- 
fity  of  the  air  were  one  third  lefs,  the  a&ion  of 
the  wind  would  neceffarily  be  one  third  weaker, 
and  all  the  winds  at  the  height  of  a league 
would  be  only  zephirs,  which  is  abfolutely 
contradicted  by  uniform  experience. 

2.  Eagles,  and  feveral  other  birds,  not  only 
fly  to  the  tops  of  the  higheft  mountains,  but  rife 
to  great  heights  above  them.  Now,  I alk  if 
thefe  animals  could  either  fly,  or  even  fupport 
themfelves,  in  a fluid  one  third  lefs  denfe  than 
common  air,  and  if  the  weight  of  their  bodies, 
notwithftanding  all  their  efforts,  would  not 
oblige  them  to  link  lower? 

3.  All  obfervers,  who  have  climbed  to  the 
tops  of  the  higheft  mountains,  agree  that  they 
refpire  as  freely  as  in  any  other  fituation,  and 
that  the  only  inconveniency  they  feel  arifes 
from  the  cold,  which  augments  in  proportion 
to  the  elevation.  Now,  if  the  air  was  one 
third  lefs  denfe  at  the  tops  of  mountains,  the 
refpiration  bf  man,  and  of  birds  which  mount 
ftill  higher,  would  not  only  be  injured,  but 
flopped,  as  actually  happens  to  animals  in  an 
air  pump  when  one  fourth  or  one  third  of  the 
air  contained  in  the  receiver  is  exhaufted. 

4.  As  cold  condenfes  as  much  as  heat  rare- 
fies the  air,  and  as,  in  proportion  to  the  eleva- 
tion of  mountains,  the  cold  increafes,  does  it 
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not  follow,  that  the  degrees  of  condenfation 
of  the  air  correfpond  to  the  degrees  of  cold  ? 
This  condenfation  may  equal,  and  even  lurpafs 
that  of  the  air  in  plains,  where  the  heat  efcap- 
ing  from  the  internal  parts  of  the  earth  is 
much  greater  than  at  the  tops  of  mountains, 
which  are  the  mod  advanced  and  coldeft  points 
on  the  fufface  of  the  globe.  Hence  this  con- 
denfation of  the  air  by  cold,  in  high  regions  of 
the  atmofphere,  fhould  compenfate  the  diminu- 
tion of  denfity  produced  by  a decreafe  of  the  in- 
cumbent weight;  and,  of  courfe,  the  air  fhould 
be  equally  denfe  on  the  cold  fummits  of  moun- 
tains as  in  the  plains.  I am  even  led  to  think, 
that  the  air  is  more  denfe  on  the  tops  of  moun- 
tains, becaufe  there  the  winds  feem  to  be  more 
violent,  and  the  birds  which  foar  above  the 
higheft  fummits  appear  to  fupport  themfelves 
in  the  air  with  more  eafe  in  proportion  to  the 
height  they  rife. 

I may  therefore  conclude,  that  the  free  air 
is  nearly  of  equal  denfity  at  all  heights,  and 
that  the  atmofphere  extends  not  fo  high  as  has 
been  determined,  by  confidering  the  air  as  an 
elaflic  mafs  comprelfed  by  an  incumbent  weight. 
Thus  the  total  thicknefs  of  the  atmofphere  may 
not  exceed  three  leagues,  inftead  of  from  fif- 
teen to  twenty,  as  has  been  conjedtured  by 
philofophers  *. 

The 

* Alhazen,  from  the  duration  of  the  twilights,  pretended  that 

the 
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The  firft  ftratum  of  the  atmofphere  is  filled 
with  vapours  exhaled  from  the  furface  of  the 
globe,  both  by  its  own  heat  and  that  of  the  fun. 
In  this  ftratum,  which  extends  to  the  height  of 
the  clouds,  the  heat  arifing  from  exhalations 
produces  and  fupports  a rarefadion  that  forms 
an  equipoife  to  the  fuperior  air  ; fo  that  the 
lower  ftratum  of  the  atmofphere  is  not  fo  denfe 
as  it  ought  to  be  in  proportion  to  the  preflure 
it  receives.  But,  at  the  height  where  this 
rarefadion  ceafes,  the  air  undergoes  all  that 
condenfation  which  is  produced  by  the  cold  of 
this  region,  where  the  heat  arifing  from  the 
earth  is  much  diminifiied  ; and  this  condenia-* 
tion  appears  to  be  even  greater  than  that  which 
might  be  produced,  by  the  weight  of  the  fu- 
perior ftrata,  in  the  inferior  regions,  which 
are  fupported  by  rarefadion.  This  idea  is 
ftrengthened  by  another  phsenomenon,  which 

the  height  of  the  atmofphere  is  44331  fathoms.  Kepler,  upon 
the  fame  principle,  makes  it  41 1 10  fathoms. 

M.  de  la  Hire,  when  treating  of  the  horizontal  refra&ion 
of  32  minutes,  fixes  the  mean  height  of  the  atmofphere  at 
34585  fathoms. 

M.  Mariotte,  from  his  experiments  on  the  compreflibility  of  air, 
makes  the  height  of  the  atmofphere  30000  fathoms. 

However,  comprehending  under  the  atmofphere  that  part  of  the 
air  only  in  which  refra&ions  take  place,  M.  Bouguer  afcertains 
the  height  not  to  be  above  5158  fathoms,  i.  e.  two  and  a half  or 
three  leagues  ; and  I believe  that  this  refait  is  more  certain  and 
better  founded  than  any  of  the  others. 


IS 
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is  the  condenfation  and  fufpenfion  of  the 
clouds  in  that  elevated  region  where  they  are 
formed  and  fupported.  Beyond  this  middle 
region,  where  the  cold  and  condenfation  com- 
mence, the  vapors  rife,  but  ceafe  to  be  vifible, 
except  when  a part  of  a cold  ftratum  feems  to 
be  pufhed  back  toward  the  furface  of  the 
earth,  and  when  the  heat  efcaping  from  the 
earth  being  for  fome  time  extinguifhed  by 
rains,  the  vapours  then  collect  and  thicken 
around  us  in  the  form  of  mifts  and  fogs.  With- 
out thefe  circumftances,  the  vapours  never  be- 
come vifible  till  they  arrive  at  that  region 
where  the  cold  condenfes  them  into  clouds* 
and  (tops  their  further  afcenfion  : Their  gra- 
vity, which  augments  in  proportion  as  they  be- 
come more  denfe,  fixes  them  in  an  equipoife 
which  they  cannot  furmount.  We  perceive  that 
the  clouds  are  generally  higher  in  fummer,  and 
ftill  higher  in  warm  climates.  It  is  in  this  feafon 
and  in  thefe  climates  that  the  ftratum  formed 
by  evaporation  from  the  earth  rifes  higheft. 
On  the  contrary,  in  the  frozen  regions  near  the 
pole,  where  the  evaporation  produced  by  the 
heat  of  the  globe  is  much  lefs,  the  ftratum  of 
denfe  air  feems  to  touch  the  furface,  and  there 
to  retain  the  clouds,  which  never  rife  higher, 
but  furround  thefe  gloomy  regions  with  perpe- 
tual fogs, 
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III. 

Of  fome  Winds  which  have  a regular  Variation. 

THERE  are  certain  climates  and  particular 
countries  where  the  winds  vary  regularly  ; fome 
at  the  end  of  fix  months,  others  in  a few  weeks, 
others  from  morning  to  night,  and  from  night  to 
morning.  In  vol.  i.  p.  388.  I remarked,  That, 
at  St.  Domingo , there  are  two  different  winds 
which  rife  regularly  every  day  ; the  one , which 
is  from  the  fea , comes  from  the  eaf , and  begins  at 
10  o'clock  before  noon  ; the  other , which  is  a land- 
wind,  rifes  at  fix  or feven  in  the  evenings  and  con- 
tinues the  whole  night.  M.  Frefnaye  writes  me, 
that  my  information  has  not  been  exa£t.  4 The 
4 two  regular  winds,’  he  remarks,  4 which  blow 
4 at  St.  Domingo,  are  both  from  the  fea,  and 
4 blow,  the  one  in  the  morning  from  the  eaft, 
4 and  the  other  in  the  evening  from  the  weft, 
4 which  is  only  the  fame  wind  returned.  It  is 
4 evidently  occafioned  by  the  fun;  for,  every  man 
4 perceives,  that  between  one  and  two  o’clock 
4 after  noon,  a tranfient  guft  arifes.  When  the 
4 fun  declines,  by  rarefying  the  air  on  the  weft, 
4 it  drives  to  the  eaft  the  clouds  which  the  morn- 
4 ing  wind  had  confined  toward  the  oppofite 

4 quarter. 
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4 quarter.  Thefe  returned  clouds,  from  April  or 

* May  till  toward  autumn,  produce  in  the  diftri£t 
4 of  Port-au-Prince  the  regular  rains  which  con- 
4 ftantly  proceed  from  the  eaft.  There  is  not  a 
c fingle  inhabitant  who  does  not  predict  the 
4 evening  rain  between  fix  and  nine  o’clock, 
4 when  according  to  their  mode  of  expreffion, 
4 the  broken  cloud  has  been  fent  back . The  weft 
4 wind  continues  not  during  the  whole  night. 
4 It  falls  regularly  toward  the  evening,  and, 
4 when  it  ceafes,  the  clouds  pufhed  from  the  eaft 
4 are  enabled  to  fall  in  the  form  of  rain,  as  foon 
4 as  their  weight  exceeds  that  of  an  equal  column 
4 of  air.  The  wind  which  prevails  in  the  night 

* is  a land  wind,  which  proceeds  neither  from 
4 the  eaft  nor  the  weft,  but  follows  the  projec- 

* tions  of  the  coaft.  At  Port-au-Prince,  the 
4 fouth  wind,  becaufe  it  traverfes  the  courfe  of 
4 the  river,  is  intolerably  cold  during  the  months 
4 of  January  and  Febrilary*.’ 

* Note  communicated  to  M.  de  Bufton,  by  M.  Frefnaye*  one 
of  the  counfellors  of  St.  Domingo*  dated  March  10*  1777. 
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IV. 

Of  Lavanges , or  great  Maffes  of  Snow  and  Ice 
rolling  down  from  high  Mountains . 

IN  high  mountains,  there  are  winds  produced 
by  accidental  caufes,  and  particularly  by  la- 
vanges*. In  the  environs  of  the  Alpine  glacières, 
feveral  fpecies  of  lavanges  are  diftinguifhable  ; 
fome  of  them  are  called  windy  lavanges , becaufe 
they  produce  a great  wind.  They  are  formed 
when  a new  fall  of  fnow  has  been  put  in  motion, 
either  from  melting  below  by  the  interior  heat 
of  the  earth,  or  by  the  agitation  of  the  air.  The 
fnow  then  forms  itfelf  into  balls,  and  in  rolling 
accumulates,  falls  in  vaft  maffes  into  the  valleys, 
and  produces  a great  agitation  in  the  air  ; 
becaufe  the  fnow  runs  with  rapidity,  and  in 
immenfe  volumes,  and  the  winds  occafioned  by 
the  motion  of  thefe  maffes  are  fo  impetuous,  that 
they  overturn  every  thing,  even  thelargeft  pines, 
that  oppofe  their  paffage.  Thefe  lavanges  cover 
the  whole  territory  over  which  they  extend  wdth 
a very  fine  fnow  ; and  this  powdered  fnow 
rifes  in  the  air  at  the  caprice  of  the  wind,  /.  e. 
without  any  fixed  direction,  which  is  extremely 

* I know  no  fingle  Engliüi  word  expreffive  of  this  idea,  and 
therefore  retain.the  French  term. 
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dangerous  to  people  in  the  fields;  becaufe  they 
know  not  to  what  fide  to  run  in  order  to  protedt 
themfelves  ; for,  in  a few  féconds,  they  find 
themfelves  furrounded,  and  often  completely 
buried  with  the  fnow. 

Another  fpecies  of  lavanges , ftill  more  danger- 
ous than  the  firft,  is  called  by  the  country  peo- 
ple fchlaglawen,  /.  e.  dafhing  or  Jlrikhig  la- 
vanges. They  proceed  not  with  fuch  rapidity  as 
the  firft  kind  ; but  they  overturn  every  thing 
in  their  way,  and  carry  along  with  them  great 
quantities  of  earth,  ftones,  flints,  and  even  en- 
tire trees  ; fo  that  their  paffage  from  the  moun- 
tain to  the  valley  is  a vaft  track  of  deftrudiion 
and  ruin.  As  they  proceed  with  lefs  rapidity 
than  the  lavanges  compofed  of  pure  fnow,  they 
are  more  eafily  avoided.  Their  approach  is 
announced  at  a diftance  ; for  they  fhake  the 
mountains  and  the  valleys  by  their  motion  and 
weight,  and  produce  a rioife  equal  to  that  of 
thunder. 

Thefe  tremendous  efFedls  may  proceed  from 
very  flight  caufes:  A fmall  quantity  of  fnow 
falling  from  a tree  or  a rock,  the  found  of  bells, 
or  the  (hock  of  a cannon  or  mufket,  provided 
they  detach  fome  portions  of  fnow  from  the 
fummit,  which  form  into  balls,  and  increafe  in 
magnitude  as  they  defcend,  will  accumulate  into 
a mafs  as  large  as  a fmall  mountain  before  they 
arrive  at  the  valley. 
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The  inhabitants  of  countries  fubjed  to  lavan - 
ges  have  invented  feveral  precautions  to  prevent 
their  deftrudive  effeds.  They  place  their  build- 
ings oppofite  to  fmall  eminences,  which  may 
break  the  force  of  the  lavanges . They  likewife 
make  plantations  of  wood  before  their  habita- 
tions. At  Mount  St.  Godard,  there  is  a foreft 
in  a triangular  form,  the  acute  angle  of  which 
is  direded  towards  the  mountain,  and  feems  to 
have  been  planted  with  a view  to  turn  off  the 
lavanges  from  the  village  of  Urferen  and  the 
buildings  iituated  at  the  foot  of  the  mountain; 
and  every  perfon  is  forbid,  under  the  fevereft 
penalties,  to  injure  the  foreft,  which  may  be  re- 
garded as  the  fafeguard  of  the  village.  With 
the  fame  intention  there  are,  in  many  places, 
walls  ereded  with  their  acute  angles  turned  to- 
ward the  mountain.  A wall  of  this  kind  may 
be  feen  at  Davis,  in  the  country  of  the  Grifons, 
as  alfo  near  the  baths  of  Leuk  or  Louache  in  Va- 
lais. In  the  fame  country  of  the  Grifons,  and 
other  places,  there  are,  in  the  paffages  through 
the  mountains,  vaults  at  convenient  diftances, 
cut  out  of  the  rock  on  the  fide  of  the  high-way, 
which  ferve  paffengers  as  places  of  refuge 
againft  the  lavanges  *. 


* Hjft.  Nat.  Helvetique,  pur  Schsudizex,  tcm,  i.  p.  155. 
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ADDITIONS  to  the  Article , Of  Irregular 
Winds , Water f pouts , &c.  vol.  i.  p.  386. 


I. 

0/*  the  Violence  of  the  South  Winds  in  fame  North - 
* mz  Countries . 

JT'HE  Ruffian  voyagers  have  remarked,  that, 
in  the  entry  to  the  territory  of  Milim, 
there  is,  on  the  left  of  the  river  Lena,  a great 
plain  entirely  covered  with  overturned  trees, 
and  that  all  thefe  trees  lie  in  a dire&ion  from 
fouth  to  north  for  an  extent  of  feveral  leagues; 
fo  that  the  whole  diftriâ:,  formerly  covered  with 
trees,  is  now  ftrewed  with  dead  trunks  in  the 
above  direction  from  fouth  to  north.  This  ef- 
fect of  the  fouth  winds  has  likewife  been  ob- 
served in  other  northern  regions. 

In  Greenland,  and  particularly  in  the  autumn, 
the  winds  are  fo  impetuous,  that  the  houfes  are 
often  Ihaken  to  pieces,  and  the  boats  and  tents 
carried  up  into  the  air.  The  Greenlanders  even 
affure  us,  that,  when  they  go  out  to  fecure 
their  boats,  thjey  are  obliged  to  creep  on  their 
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bellies,  left  they  fhould  become  the  fport  of  the 
winds.  The  mod  violent  tempefts  come  from 
the  fouth,  turn  to  the  north,  and  then  terminate 
in  a calm.  It  is  on  thefe  occafions  that  the  ice 
in  the  bays  is  raifed  from  its  bed,  and  difperfed 
in  fmall  portions  over  the  ocean 


IL 

Of  Water-Spouts „ 

M.  De  la  Nux,  whom  I have  often  quoted, 
and  who  lived  forty  years  in  the  ifle  of  Bour- 
bon, has  had  an  opportunity  of  feeing  a great 
number  of  water-fpouts,  and  he  has  commu- 
nicated to  me  his  obfervations,  of  which  the 
following  is  an  abridgment  : 

The  water-fpouts  obferved  by  M.  de  la  Nux 
were  formed,  1.  In  calm  days,  and  in  thofe  in- 
tervals when  the  wind  paiTes  from  the  fouth  to 
the  north  ; though  he  faw  one,  which  was  formed 
previous  to  this  paftage  of  the  wind  from  one 
quarter  to  another,  and  even  in  the  current  of  a 
north  wind,  /.  e . a pretty  long  time  before  this 
wind  had  ceafed  : The  cloud  from  which  this 
water- fpout  depended,  and  to  which  it  was  at- 
tached, was  ftill  violently  driven  to  the  fouth. 

* HifL  Gen.  des  Voyages,  tom.  xviii.  p.  22. 

vol.  ix.  i The 


IjO  OF  IRREGULAR  WINDS,  &c. 

The  fun,  at  the  fame  time,  was  feen  behind  the; 
cloud  to  the  fouth.  It  happened  on  the  6th  day 
of  January,  about  eleven  o’clock  before  noon. 

2.  Thefe  water-fpouts  are  formed  during  the 
day  in  detached  clouds,  apparently  very  thick, 
much  longer  than  broad,  and  well  defined  below 
in  the  direction  of  the  horizon  : The  under  part 
of  thefe  clouds  is  always  very  black. 

3.  All  thefe  water-fpouts  at  firft  appear  under 
the  form  of  inverted  cones,  whofe  bafes  are  more 
or  lefs  extenfive. 

4.  Several  of  thofe  water-fpouts  that  appear 
under  the  figure  of  inverted  cones,  are  fome- 
t line 3 attached  to  the  fame  cloud  ; fom'e  are 
never  entirely  completed  ; fome  are  difîipated 
at  a fmali  diftance  from  the  cloud  ; and  others 
defcend  apparently  very  near  to  the  furface  of 
the  fea,  under  the  form  of  a long  flat  cone, 
which  is  narrow  and  pointed  at  the  bottom.  In 
the  centre  of  this  cone,  and  through  its  whole 
length,  there  is  awhitifh  tranfparent  canal,  about 
one-third  of  the  diameter  of  the  cone,  the  two 
fid  es  of  which  were  very  black,  efpecially  on 
their  firft  appearance. 

Thefe  water-fpouts  were  obferved  from  a 
point  in  the  ifie  of  Bourbon  elevated  150  fa- 
thoms above  the  level  of  the  fea,  and  they  were 
generally  three,  four,  or  five  leagues  from  the 
place  of  observation,  which  was.  the  houfe  of 
,M.  de  la  Mux. 
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The  following  is  a more  particular  defcription 
of  thefe  water- fpouts  : 

When  the  end  of  the  fhaft,  or  top  of  the 
cone,  which  is  then  very  fharp  pointed,  has  de- 
fended about  a fourth  of  the  diftance  of  the 
cloud  from  the  fea,  we  begin  to  perceive  on  its 
furface,  which  is  commonly  calm  and  of  a trans- 
parent whitenefs,  a fmall  black  circle,  which  is 
produced  by  the  agitation  and  whirling  of  the 
water  : In  proportion  as  the  point  of  this  fhaft 
defends,  the  water  boils  ; this  boiling  increafes 
in  proportion  as  the  point  approaches  toward 
the  furface,  and  the  water  of  the  fea  rifes  in  fuc- 
ceffive  whirlings  to  a greater  or  Smaller  height, 
which,  in  the  largefc  water-fpouts,  is  about 
twenty  feet.  The  end  of  the  fhaft  is  always 
above  this  whirling,  the  fize  of  which  is  propor- 
tioned to  that  of  the  water-fpout,  which  puts  it 
in  motion.  The  end  of  the  Shaft  ferns  not  to 
touch  the  furface  of  the  fea,  otherwife  than  by 
joining  itfelf  to  the  boiling  or  whirling  which 
rifes  to  meet  it. 

We  Sometimes  fee  larger  and  Smaller  cones  of 
water- fpouts  proceeding  from  the  fame  cloud  ; 
fome  of  them  have  the  appearance  of  threads, 
and  others  are  much  larger.  We  often  fee  ten 
or  a dozen  of  Small  but  complete  water- fpouts 
iffuing  from  the  fame  cloud,  moil  of  which  are 
diffipated  near  their  exit*  and  vifibly  afcend  to 
the  cloud.  In  this  laffc  cafe,  the  fhaft  Suddenly 
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fwells  as  far  as  the  inferior  extremity,  and  ap* 
pears  iike  a cylinder  fufpended  from  the  cloud, 
torn  in  pieces  below,  and  of  a fmall  extent. 

The  water- fpouts  with  broad  bafes  gradually 
enlarge  through  their  whole  extent,  and  like- 
wife  in  the  under  end,  which  feems  to  recede 
from  the  fea  and  to  approach  the  cloud.  The 
agitation  and  whirling  they  produce  in  the  water 
gradually  diminiffe?,  and  the  under  part  of 
the  ffaft  foon  enlarges,  and  affames  nearly  a 
cylindrical  form.  It  is  in  this  ftate  that  the  two 
Tides  of  the  canal  widen  ; and  we  then  fee  the 
water  ruffing  with  rapidity,  and  in  a fpiral 
form,  into  the  cloud.  Laftly,  the  appearance 
of  the  water- fpout  terminates  by  the  fucceffive 
Shortening  of  this  fpecies  of  cylinder. 

The  large  ft:  water-fpouts  remain  longed  with- 
out diflipating  ; and  fome  of  them  continue  more 
-than  half  an  hour. 

A torrent  of  rain  generally  ruffes  out  of  the 
fame  part  of  the  cloud  from  which  the  water- 
fpouts  iffue,  and  fome  of  them  not  unfrequently 
dill  adhere  to  the  cloud  ; thefe  torrents  of  rain 
often  conceal  water-fpouts  before  they  are  dif- 
fipated.  I perceived  diftindtly,  M.  de  la  Nux 
remarks,  on  the  26th  of  O&ober  1755,  a water- 
fpout  in  the  middle  of  one  of  thefe  torrents, 
which  became  fo  great  that  it  was  foon  concealed 
from  my  view. 

The  wind,  or  the  agitation  of  the  air  below 
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the  cloud,  breaks  neither  the  large  nor  the  fmall 
water-fpouts  ; for  this  impulfion  only  declines 
them  from  the  perpendicular.  The  fmalleft 
kinds  form  very  remarkable  curves,  and  even 
fmuofities.  The  extremity  which  terminates  in 
the  fea  is  often  far  removed  from  the  direction 
of  the  other  which  is  attached  to  the  cloud. 

We  never  lee  new  water-fpouts  formed  after 
rain  has  fallen  from  the  clouds  which  produced 
them. 

4 On  the  14th  day  of  June  1756,  about  four 
4 o’clock  afternoon,  I was,’  fays  M.  de  la  Nux, 
4 on  the  margin  of  the  fea,  and  above  its  level 
4 twenty  or  twenty- live  feet.  I faw  twelve  or 
4 fourteen  water-fpouts  iffue  from  the  fame 
4 cloud.  Three  of  them  only  were  confiderable, 
4 and  particularly  the  laft.  The  canal  in  the 
4 middle  of  the  cylinder  was  fo  tranfparent,  that, 
4 as  the  fun  fhone,  I faw  the  clouds  behind  it. 
4 The  cloud  which  produced  fo  many  water- 
4 fpouts  extended  nearly  from  fouth-eaft  to 
4 fputh-weft  ; and  the  large  water- fpout  under 
4 confideration  appeared  in  the  fouth-fouth-well 
4 from  my  Ration.  The  fun  was  very  low  ; for 
4 the  days  were  then  about  the  fhorteft.  I faw  no 
4 rain  proceed  from  the  cloud:  Its  height feeirw 
4 ed  to  be  from  five  to  fix  hundred  fathoms/ 

The  more  the  fky  is  obfcured  with  clouds, 
water-fpouts,  and  the  phænomena  which  ac- 
company them,  are  the  more  eafily  obferved. 

3 3 M.  de 
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M,  de  la  Nux  thinks,  and  perhaps  with  rea- 
fon,  that  water- fpouts  are  nothing  but  vifcous 
portions  of  a cloud  driven  off  by  different  whirl- 
winds, i.  e.  by  the  whirlings  of  the  fuperior  air 
finking  into  the  mafs  of  vapours  of  which  the 
whole  cloud  is  compofed. 

What  feems  to  prove  that  thefe  water-fpouts 
are  compofed  of  vifcous  parts,  is  the  tenaciouf- 
nefs  of  their  cohefion  ; for  they  make  inflections 
and  curvatures  in  every  dirçdion,  without  break- 
ing : If  the  matter  of  water-fpouts  was  not 
vifcous,  how  can  we  conceive  that  they  fhould, 
without  breaking,  bend  and  obey  the  motion  of 
the  winds  ? If  all  the  parts  did  not  firmly  ad- 
here, the  wind  wTould  diffipate  them,  or,  at 
Laft,  make  them  change  their  form.  But,  as 
the  form  both  of  the  large  and  fmall  water-fpouts 
is  uniformly  the  fame,  this  is  ahnofi:  a certain  in- 
dication of  the  vifcous  tenacity  of  the  matter 
of  which  they  are  compofed. 

Thus  the  bafis  of  the  matter  of  water-fpouts 
is  a vifcous  fubftance  contained  in  the  clouds, 
and  every  water-fpout  is  formed  by  a whirlwind 
of  air  prefling  through  the  mafs  of  vapours,  and, 
by  blowing  up  the  inferior  part  of  the  cloud, 
pierces  it,  and  defcends  with  its  covering  of  vif- 
cous matter.  And,  as  complete  water-fpouts 
defcend  from  the  cloud  to  the  furface  of  the  fea, 
the  water  muft  boil  and  whirl  at  the  place  to 
which  the  end  of  the  wTater-fpout  is  [direded  ; 
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becaufe  the  air  blows  from  the  extremity  of  the 
water-fpout  like  the  tube  of  a pair  of  bellows. 
The  eft  efts  of  this  blowing  upon  the  fea  will 
augment,  in  proportion  as  the  cylinder  approaches 
the  furface  of  the  water  ; and,  when  the  orifice 
of  the  tube  enlarges,  a greater  quantity  of  air  is 
permitted  to  efcapey  and  the  agitation  of  the  wa- 
ter is,  of  courfe,  increafed. 

It  has  been  imagined,  that  water-fpouts  car- 
ried off*  and  contained  great  quantities  of  fea- 
water  : The  rains,  or  rather  the  fpray,  which 
often  fail  in  the  neighbourhood  of  water-fpouts, 
have  {Lengthened  this  prejudice.  The  canal  in 
the  middle  of  every  fpecies  of  water-fpout  is 
always  tranfparent,  on  whatever  fide  it  is  view- 
ed. If  the  water  of  the  fea  feems  to  rife,  it  is 
not  in  this  canal,  but  only  on  its  fides.  Almoft 
every  water-fpout  fuffers  inflections,  and  often 
in  oppofite  directions,  in  the  form  of  an  o,  the 
one  end  of  which  is  in  the  cloud,  and  the  other 
in  the  fea.  Hence  thefe  water-fpouts  of  which 
we  have  been  treating,  cannot  contain  water 
either  to  be  poured  into  the  fea,  or  railed  to  the 
cloud.  Of  courfe,  they  can  be  attended  with 
no  danger,  except  what  proceeds  from  the  im- 
petuofity  of  the  air  which  efcapes  from  their  in- 
ferior orifice  ; for  we  are  allured  by  every  per- 
fon  who  has  had  an  opportunity  of  obferving 
thefe  water-fpouts,  that  they  are  folely  compo- 
fed  of  air  confined  in  a vilcous  cloud,  and  de- 
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termined  by  its  whirling  to  the  furface  of  the 
fea. 

M.  de  la  Nux  has  feen  water- fpouts  around 
the  ifle  of  Bourbon  in  the  months  of  January, 
May,  June,  and  October,  /.  e . in  all  feafons  of 
the  year.  He  has  feen  them  in  calm  weather,  and 
during  the  higheft  winds.  Thefe  phænomena, 
however,  may  be  faid  to  be  rare,  and  feldom 
appear  but  upon  the  fea  ; becaufe  the  vifcofity 
of  the  clouds  can  only  proceed  from  the  bitumi- 
nous and  greafy  particles  railed,  by  the  heat  of 
the  fun  and  the  winds,  from  the  waters  of  the 
fea,  and  collected  in  the  clouds  near  its  furface. 
It  is  for  this  reafon  that  water-fpouts  feldom  ap- 
pear on  land,  where  there  is  not,  as  on  the  fur- 
face of  the  fea,  a fufficient  quantity  of  bitumi- 
nous and  oily  particles  to  be  exhaled  by  the 
aâion  of  the  fun.  They  are  fometimes,  how- 
ever, obferved  on  land,  and  even  at  great  dis- 
tances from  the  fea  ; this  effeft  may  be  produced, 
when  vifcous  clouds  have  been  rapidly  driven  by 
a violent  wind  from  the  fea  toward  the  land.  M. 
Grignon,  in  the  month  of  June  176S,  faw  a 
well-formed  water-fpout  in  Lorrain,  near  Vau- 
villier,  among  the  hills,  which  are  a continuation 
of  the  Vcfges.  It  was  about  fifty  fathoms  high, 
its  form  was  that  of  a column,  and  it  commu- 
nicated with  a large  thick  cloud.  It  was  impelled 
by  one  or  feveral  winds,  which  made  the  water- 
fpout  turn  rapidly;  and  it  produced  lightning 

and 
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and  thunder.  This  warer-fpout  continued  feven 
or  eight  minutes  only,  and  broke  upon  the  bafe 
of  the  hill,  which  is  from  five  to  fix  hundred 
feet  high*". 

Water- fpouts  have  been  mentioned  by  feveral 
voyagers  ; but  no  man  has  examined  them  with 
fuch  accuracy  as  M.  de  la  Nux.  For  example, 
thefe  voyagers  tell  us,  that,  when  water- fpouts 
are  forming,  a black  fmoke  rifes  on  the  furface  of 
the  fea  : This  appearance,  we  are  certain,  is  de- 
ceitful, and  proceeds  folely  from  the  fituation 
of  the  obferver.  If  he  is  placed  on  a fituation  fo 
elevated  that  the  diftance  of  the  whirling  ex- 
cited in  the  water  by  the  fpout,  exceeds  not  his 
fenfible  horizon,  he  will  fee  nothing  but  the 
wTater  rifing  and  falling  back  in  rains,  without 
any  mixture  of  fmoke.  This  fadt  is  apparent 
when  the  fun  Chines  on  the  place  where  the 
phænomenon  happens. 

Thefe  water-fpouts  have  nothing  in  common 
with  thofe  agitations  and  fmoke  fomedmes  prê- 
duced  by  fubmarine  fires,  and  of  which  we  have 
formerly  treated.  Water-fpouts  neither  contain 
nor  excite  any  fmoke.  They  are  every  where 
rare  : They  are  moil  frequent  in  the  feas  of  warm 
climates,  and  where,  at  the  fame  time,  calms 
are  common,  and  the  winds  are  moll  inconftant. 
They  are  likewife  more  frequent,  perhaps,  near 
iflands  and  coafts  than  in  the  open  fea. 

* Note  communicated  by  M.  Grignon  tq  M.  de  BufFon* 
Aug.  6.  17 77. 
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ADDITIONS  to  the  Article , Of  Earth- 
quakes and  Volcano  sy  vol.  i.  p.  38 2. 


T. 

Of  Earthquakes . 

J^ARTH QUAKES  are  produced  by  two 
caufes  : The  firft  is  the  fudden  finking 
of  cavities  in  the  bowels  of  the  earth  ; and  the 
fécond,  which  is  ftill  more  frequent  and  more 
violent  than  the  firft,  is  the  a&ion  of  fubterra- 
neous  fires. 

When  a cavern  finks  in  the  middle  of  a con- 
tinent, it  produces  a commotion  which  extends 
to  a greater  or  fmaller  diftance,  in  proportion  to 
the  quantity  of  motion  excited  by  the  fall  of  this 
inafs  of  earth  ; and,  if  this  mafs  is  inconfiderable, 
or  falls  from  no  great  height,  it  will  not  produce 
a fuccuffion  fo  violent  as  to  be  perceived  at  a 
great  diftance  ; the  effect  is  limited  to  the  neigh- 
bourhood of  the  funk  cavern  ; and  if  the  move- 
ment is  propagated  to  greater  diftances,  it  is 
only  by  flight  tremblings  or  vibrations. 

As 
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As  moft  of  the  primitive  mountains  reft  upon 
caverns,  becaufe,  at  the  moment  of  their  con- 
folidation,  thefe  eminences  were  blown  up  by 
the  a&ion  of  the  internal  fire,  finkings  in  the 
mountains  have  happened,  and  ftili  happen, 
whenever  the  vaults  of  the  caverns  are  under- 
mined by  water,  or  fhaken  by  any  convul- 
fion.  An  entire  portion  of  a mountain  fome~ 
times  finks  perpendicularly,  but  oftener  inclines, 
and  not  unfrequently  reverfes.  Of  this  v^e  have 
ftriking  examples  in  feveral  pf  the  Pyrennees, 
where  the  ftrata,  formerly  horizontal,  are  often 
inclined  more  than  forty-five  degrees  ; which 
fhows,  that  the  entire  mafs  of  each  portion  of 
the  mountain,  whofe  ftrata  were  parallel  to  each 
other,  has  inclined  by  the  lump,  and,  in  the 
moment  of  its  finking,  refted  upon  a bafe  in- 
clined to  the  horizon  forty-five  degrees.  This 
is  the  moft  general  caufe  of  the  inclination  of 
ftrata  in  mountains.  For  the  fame  reafon,  we 
often  find,  between  the  adjacent  eminences, 
ftrata  which  defcend  from  the  firft  and  rife  to 
the  fécond,  after  having  traverfed  the  valley* 
Thefe  ftrata  are  horizontal,  and  are  bedded  at 
the  fame  height  in  the  two  oppofite  hills,  be- 
tween which  the  cavern  had  fallen  in.  The 
earth  finks  down,  and  the  valley  is  formed, 
without  producing  any  other  derangement  than 
a greater  or  fmaller  inclination  of  the  ftrata,  ac- 
cording to  the  depth  of  the  valley,  or  the  de- 
clivity of  the  two  oppofite  hills. 


This 
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This  is  the  only  fenfible  effeft  of  the  finking 
of  ca  verns  in  mountains  and  other  parts  of  con- 
tinents. But,  whenever  this  effedt  happens  in  the 
bottom  of  the  fea,  where  finkings  muft  be  more 
frequent  than  on  the  iand,  becaufe  the  water  per- 
petually undermines  the  vaults  in  every  place 
where  they  fupport  the  bottom  of  the  ocean, 
thefe  fmkings  not  only  derange  and  incline  the 
if  rata,  but  fenfibly  lower  the  level  of  the  fea» 
From  the  firft  occupation  of  the  waters,  their 
level  has  been  depreffed  two  thoufand  fathoms 
by  thefe  linkings  ; and,  as  all  the  fuhmarine  ca- 
verns. have  not  yet  fallen  in,  it  is  more  than  pro- 
bable, that  the  balm  of  the  fea,  by  growing 
more  and  mere  deep,  will  Jeffen  its  furface, 
and,  of  courfe,  that  the  extent  of  all  the  conti- 
nents will  always  continue  to  augment  by  the 
retreat  and  finking  of  the  waters. 

A fécond  and  more  powerful  eaufe  than  the 
firft;  concurs  in  producing  the  fame  effedi.  This 
eaufe  is  the  rupture  and  finking  of  caverns  by 
the  adiion  of  fubmarine  fires.  It  is  certain, 
that  no  motion  or  (inking  in  the  bottom  of  the 
fea  can  happen  without  diminiftiing  its  furface  : 
And,  if  we  confider  the  general  effedts  of  fub- 
terraneous  fires,  we  will  perceive  that,  as  long 
as  there  is  fire,  the  commotions  of  the  earth  will 
not  be  confined  to  fimple  tremblings  ; for  the 
efforts  of  fire  raife  and  open  the  fea  and  the  land 
by  violent  and  reiterated  fuccuffians,  which  not 

on-iv 


AND  VOLCANO’S  i4* 

only  overturn  and  deftroy  the  adjacent  lands, 
but  ihake  thofe  that  are  diftant,  and  ravage  or 
derange  every  thing  in  the  route  of  their  di- 
red  ion. 

The  earthquakes  occafioned  by  fubterraneous 
fires  generally  precede  eruptions  of  volcano’s, 
and  fometimes  ceafe  the  moment  the  fire  opens 
a paflage  through  the  earth,  and  carries  its  flames 
into  the  air.  Thefe  dreadful  earthquakes  fome- 
times  continue  during  the  whole  time  of  erup- 
tions. Thefe  two  effeds  are  intimately  conned- 
ed.  There  is  never  a great  eruption  of  a volcano 
without  being  preceded,  or  at  leaft  accompanied, 
with  an  earthquake.  But  we  often  feel  very 
violent  fuccuflions  of  the  earth  without  any 
eruption  of  fire.  Thofe  movements  in  which 
fire  has  no  part,  proceed  not  only  from  the  firfl 
caufe,  the  falling  in  of  caverns,  but  likevrife 
from  the  adion.  of  fubterraneous  winds  and 
florins.  There  are  many  examples  of  lauds  raik 
ed  or  funk  by  the  force  of  thefe  internal  winds. 
Sir  William  Hamilton,  a man  as  refpedable  for 
his  private  charader,  as  admirable  for  the  extent 
of  his  knowledge  and  refearches  on  this  fuhjed, 
told  me  that  he  had  leen  between  Trente  and  Ve- 
rona, near  the  village  of  Roveredo,  feveral  little 
hills  compofed  of  large  maffes  of  calcarious  ftones, 
which  had  evidently  been  raifed  by  different  ex~ 
plofions  of  fubterraneous  winds.  There  is  no 
indication  of  the  adion  of  fire  upon  any  of  thefe 
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indication  of  the  aCtion  of  fire  upon  any  of  thefe 
rocks  or  their  fragments.  The  whole  country, 
on  both  fides  of  the  highway,  for  an  extent  of 
near  a league,  has,  from  place  to  place,  been 
overturned  by  the  prodigious  efforts  of  fubter- 
raneous  winds  : The  inhabitants  fay  that  it  hap- 
pened fuddenly3  and  was  the  effect  of  an  earth- 
quake. 

But  the  force  of  the  wind,  however  violent, 
appears  not  to  be  a caufe  fufficient  to  produce 
fuch  great  effects  ; and,  though  there  be  no 
marks  of  fire  in  thefe  little  hills  railed  by  the 
jcommotion  of  the  earth,  I am  perfuaded  that 
they  have  been  elevated  by  electrical  exploitons 
of  fubterraneous  thunder,  and  that  the  internal 
winds  have  contributed  to  this  effeCt  folely  by 
producing  eleCtrical  ftorms  in  the  cavities  of  the 
earth.  Hence  all  eonvulfive  movements  of  the 
earth  may  be  referred  to  three  caufes  : The  firft 
and  molt  fnnple  is  the  finking  of  caverns  ; the 
fécond,  ftorms  and  fubterraneous  thunder;  and 
the  third,  the  aCtion  of  fire  kindled  in  the  inte- 
rior parts  of  the  globe.  It  is  eafy  to  afcribe 
to  one  or  other  of  thefe  three  caufes  all  the 
phænomena  which  accompany  or  fucceed  earth- 

Commotions  of  the  earth  fometimes  give  rife 
to  eminences  ; but  they  more  frequently  pro- 
duce gulfs.  On  the  15th  day  of  O&ober  1773,  a 
gulf  opened  in  the  territory  of  Induno,  in  the 
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State  of  Modena,  the  cavity  of  which  was 
more  than  four  hundred  fathoms  wide  by  two 
hundred  deep  *.  In  1726,  a mountain  of  a 
confiderable  height,  fituated  in  the  northern  part 
of  Iceland,  was  funk  in  one  night  by  an  earth- 
quake, and  a very  deep  lake  a flamed  its  place. 
The  fame  night,  about  a league  and  a half 
diftant,  an  ancient  lake,  the  depth  of  which  was 
unknown,  was  entirely  dried  up,  and  its  bottom 
raifed  in  fuch  a manner  as  to  form  a pretty  high 
hill,  which  ftill  exifts  f.  In  the  Teas  in  the 
neighbourhood  of  New  Britain,  M.  Bougaim» 
ville  remarks,  earthquakes  have  terrible  effets 
on  navigation.  On  the  17th  of  June,  the  12th 
and  27th  of  July  176S,  there  were  three  earth- 
quakes at  Boero,  and  on  the  2 2d  of  the  fame 
month,  one  at  New  Brittany.  Thefe  earthquakes 
fometimes  annihilate  ifiands  and  known  fand- 
banks,  and  fometimes  create  them  J. 

There  are  earthquakes  which  extend  to  great 
diftances  ; but  they  are  always  longer  than  broad. 
One  of  the  moft  confiderable  was  that  felt  in 
Canada  in  the  year  1663.  It  extended  more 
than  two  hundred  leagues  in  length  and  one 
hundred  in  breadth,  i.  e.  more  than  twenty 
thoufand  fuperficial  leagues.  The  efie&s  c{  the 

* Journ.  Hift.  et  Politique,  Dec.  io,  1773,  art.  Milan. 

f Melanges  interafians,  tom.  i.  p.  159. 

Î Voyage  autour  du  Monde,  tom.  ii.  p.  278.. 
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laft  earthquake  in  Portugal,  which  happened 
in  our  own  time,  were  felt  ftill  farther.  M.  le 
Chevalier  de  Saint-Sauveur,  King’s  commandant 
at  Merucis,  informed  M.  de  Genfanne,  that, 
when  walking  on  the  left  margin  of  Jouante 
in  Languedoc,  the  iky  fuddenly  became  very 
dark,  and  that,  in  a moment  after,  he  perceived, 
at  the  foot  of  the  hill,  which  is  fituated  to  the 
right  of  that  river,  a terrible  bright  globe  of  fire: 
Immediately  there  arofe  from  the  bowels  of  the 
earth  a confiderable  mafs  of  rocks,  and  the 
whole  chain  of  mountains  fpiit  from  Merucis 
to  Florae,  an  extent  of  near  fix  leagues.  This 
rent,  in  fome  places,  is  more  than  two  feet  wide, 
and  has  partly  fallen  in*.  There  are  other 
earthquakes  which  produce  little  or  no  commo- 
tion. Kolbe  relates,  that,  on  the  24th  of  Sep- 
tember 1707,  from  eight  to  ten  o’clock  before 
noon,  the  fea  rofe  upon  the  land  at  the  Cape  of 
Good  Hope,  and  defeended  feven  times  fuccef- 
fively,  and  with  fuch  rapidity,  that,  from  one 
moment  to  another,  the  place  was  alternately 
covered  and  left  by  the  waters  f . 

With  regard  to  the  effects  of  earthquakes, 
the  falling  of  mountains,  and  the  finking  of 
caverns,  I {hall  fubjoin  a few  fadls,  which  are 


* HiiL  Nat.  de  Languedoc,  par  M.  de  Genfanne,  tom.  i. 

p.231. 

4 Defcript.  du  Cap  de  Bonne- Efperance,  tom.  ii.  p.  237. 
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both  recent  and  well  attefted.  In  Norway,  a 
whole  promontory  called  Hammersjlelds  fud-* 
denly  fell  A very  high  mountain,  near  that 
of  Chimboraço,  one  of  the  higheft  of  the  Cor- 
deliers in  the  province  of  Quito,  tumbled  dovm 
in  a moment.  This  fa£I,  with  all  its  circuit!- 
fiances,  is  related  in  the  memoirs  of  M.  de  la 
Condamine  and  Bouguer.  Similar  fallings 
and  linkings  often  happen  in  the  fouthern 
iflands  of  India.  At  Gamma-canore,  where 
the  Dutch  have  a fettlement,  a high  mountain 
fell  fuddenly  in  the  year  1673,  when  the 
weather  was  fine  : It  was  followed  by  an  earth- 
quake, which  overturned  the  neighbouring  vil- 
lages, and  dëftroyed  feveral  thoufands  of  per- 
fons  f . On  the  nth  of  Auguft  1772,* in  the 
ifland  of  Java  and  province  of  Cheribou,  one  of 
the  richeft  fettlements  of  the  Dutch,  a mountain, 
of  about  three  leagues  in  circumference,  fud- 
denly funk,  and  rofe  and  funk  alternately  like 
waves  in  a ftormy  ocean  : It  at  the  fame 

time  threw  out  many  globes  of  fire,  which 
Were  feen  at  a great  diftaiice,  and  gave  a light 
as  brilliant  as  that  of  day  : All  the  plantations, 
together  with  about  two  thoufand  one  hundred 
and  forty  inhabitants,  without  reckoning  ftran- 
gers,  were  entirely  fwallowed  up  J.  We  might 
recite  many  other  examples  of  the  finking  of 

* Hilt.  Nat.  de  Norwége,  par  Pontoppidan  ; Journal  Etran-  ' 
ger.  Août  1755;. 

f Hilt.  Gen.  des  Voyages,  tom.xvii.  p.  54. 

X See  Gazette  de  France,  21  Maii  1773,  art.  âe  la  Haie . 
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lands  and  fwallowing  of  mountains  by  the  rup- 
ture of  caverns,  and  the  fuccuffions  occafioned 
by  earthquakes  and  the  a&ion  of  volcano’s  : 
But  we  have  faid  enough  to  eftablifh  the 
general  concluiions  we  have  drawn  from  the 
facts  already  related. 


II. 

Of  Volcano's. 

THE  ancients  have  left  us  fome  notices  con-' 
cerning  the  volcano’s  which  were  known  to 
them,  and  particularly  thofe  of  Ætna  and  Ve- 
lu vi  us.  Several  learned  and  curious  ebfervers 
have  in  our  days  examined  more  minutely 
the  form  and  effects  of  thefe  volcano’s.  On 
comparing  their  defcriptions,  the  firft  obferva- 
tion  that  prefents  itfelf,  is  the  folly  of  tranfmit- 
ting  to  pofterity  the  exa£t  topography  of  thefe 
burning  mountains.  Their  form  may  be  faid 
to  change  daily  ; their  furface  rifes  or  finks  in 
various  places  \ every  eruption  produces  new 
gulfs  or  new  eminences  : To  attempt  to  de- 

fer ibe  all  thefe  changes,  is  to  follow  and  paint 
the  fuccefiive  ruins  of  a burning  edifice.  The 
Vefuyi.us  of  Pliny,  and  the  Ætna  of  Empedocles, 
prefent  very  different  afpe£ts  from  thofe  which 
have  been  fo  ably  delineated  by  Sir  William 
Hamilton  and  Mr.  Brydone  ; and,  in  a few 
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âges,  thefe  recent  defcriptions  will  no  longer  re- 
ferable their  objeâs.  Next  to  the  furface  of 
the  ocean,  nothing  on  this  globe  is  fo  fluctu- 
ating and  inconftant  as  the  furface  of  volcanic 
mountains  : Blit  even  from  this  inconftancy, 

and  from  the  variation  of  form  and  move- 
ments, fome  general  conclufions  may  be  drawn, 
by  bringing  particular  obfervations  under  one 
point  of  view* 

III. 

Of  the  Changes  which  have  happened  in  Vol- 
cano's. 

THE  bafe  of  Ætna  is  about  fixty  leagues 
in  circumference,  and  its  perpendicular  height 
about  two  thoufand  fathoms  above  the  level  of 
ihe  Mediterranean  fea.  We  may,  therefore, 
regard  this  enormous  mountain  as  an  obtufe 
cone,  the  fuperficies  of  which  are  not  lefs  than, 
three  hundred  fquare  leagues.  This  conical 
furface  is  divided  into  four  zones,  fituated  con- 
centrically above  each  other.  The  firit  is  the 
largeft,  and,  by  a gradual  afcent,  extends  above 
fix  leagues  from  the  moil  diftant  point  at  the 
foot  of  the  mountain.  This  zone  of  fix  leagues 
broad  is  almoft  totally  peopled  and  cultivated. 
The  city  of  Catania  and  feveral  villages  are  fitu- 
ate  I in  this  firft  zone,  the  furface  of  which 
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exceeds  two  hundred  and  twenty  fquare 
leagues.  The  bafis  of  this  vaft  territory  confifts 
of  various  ftrata  of  ancient  and  modern  lavas, 
that  have  run  from  different  parts  of  the  moun- 
tain, from  which  explofions  of  fubterraneous 
fires  have  iffued.  The  furface  of  this  lava, 
mixed  with  afhes  thrown  out  from  different 
craters,  is  converted  into  a fine  foil,  which  is  now 
town  with  grain  and  planted  with  vines,  except 
in  a few  places  where  the  lava  is  too  recent, 
and  ftill  remains  uncovered  with  earth.  About 
the  top  ’of  the  zone,  we  ftill  fee  feveral  craters, 
more  or  lefs  large  and  deep,  from  which  the 
materials  iffued  that  have  formed  the  upper 
ftratum  or  foil. 

The  fécond  zone  commences  at  the  termina- 
tion of  thefe  fix  leagues.  This  fécond  zone  is 
an  afcent  of  about  two  leagues  broad.  Its  de- 
clivity is  every  where  more  rapid  than  that  of 
the  firft  zone  ; and  this  rapidity  augments  in 
proportion  as  you  approach  toward  the  fum- 
mit.  The  furface  of  this  fécond  zone  is  about 
forty  or  forty-five  fquare  leagues  : Its  whole 

extent  is  covered  with  magnificent  forefts,  and 
forms  a fine  belt  of  verdure  to  the  white  and 
hoary  head  of  this  venerable  mountain.  The 
foil  of  thefe  fine  forefts  is  nothing  but  lava  and 
allies  converted  by  the  operation  of  time  into 
excellent  earth.  What  is  ftill  more  remarkable, 
the  furface  of  this  zone  is  fo  unequal,  that  it 

every 
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every  where  prefents  hills,  or  rather  mountains, 
all  of  which  have  been  produced  by  different 
eruptions  from  the  fummit  of  Ætna,  and  other 
craters  below  the  fummit,  feveral  of  which 
have  formerly  a<fted  in  this  very  zone,  now  con- 
verted into  forefts. 

Before  arriving  at  the  fummit,  and  after 
having  paffed  thefe  fine  forefts,  we  traverfe  a 
third  zone,  which  gives  birth  to  fmall  vegetables 
only.  In  winter,  this  region  is  covered  with 
fnow,  which  melts  in  fummer.  We  afterwards 
meet  with  a line  of  permanent  fnow,  which 
marks  the  commencement  of  the  fourth  zone, 
and  extends  to  the  top  of  the  mountain.  Thefe 
fnows  and  ice  occupy  about  two  leagues  from 
the  region  of  fmall  vegetables  to  the  fummit, 
which  is  likewife  covered  with  fnow  and  ice. 
Its  figure  is  an  exa£t  cone  ; and  it  contains 
the  great  crater  of  the  volcano,  from  which  are 
continually  difcharged  immenfe  volumes  of 
fmoke.  The  internal  figure  of  the  crater  is 
that  of  an  inverted  cone.  It  is  compofed  of  no- 
thing but  aihes  and  other  burnt  matters  thrown 
out  by  the  mouth  of  the  crater,  which  is  in  the 
centre  of  the  volcano.  The  external  furface  of 
the  fummit  is  very  rough.  The  fnow  is  cover- 
ed with  afhes,  and  the  cold  is  very  piercing. 
On  the  north  fide  of  this  region  of  fnow,  there 
are  feveral  fmall  lakes  which  never  freeze. 
In  general,  the  furface  of  this  laft  zone  is  pretty 
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equal,  and  obferves  the  fame  declivity,  except  iu 
a few  places;  and  it  is  below  this  region  only 
where  we  meet  with  a great  number  of  ine- 
qualities, eminences,  and  hollows  produced  by 
eruptions,  and  where  we  fee  hills  and  moun- 
tains more  or  lefs  recently  formed,  and  com- 
pofed  'of  burnt  matters  rejected  by  thefe  dif- 
ferent moutfyj  or  craters. 

In  1770,  according  to  Mr.  Brydone,  the  cra- 
ter on  the  top  of  Ætna  was  more  than  a league 
in  circumference;  and  very  different  dimenfions 
have  been  afcribed  to  it  both  by  ancient  and 
modern  authors.  All  thefe  authors,  however, 
were  right;  for  the  dimenfions  of  this  mouth  of 
fire  have  undergone  many  alterations.  All 
we  can  infer  from  the  various  defcriptions  that 
have  been  given  of  it,  is,  that  the  crater  with  its 
margins  have  been  four  times  overturned  within 
thefe  fix  or  fevcn  hundred  years.  The  mate- 
rials of  which  it  is  compofed  fall  back  into  the 
bowels  of  the  mountain,  are  again  rejected  by 
frefh  eruptions,  and  form  a new  crater,  which 
augments  and  rifes  by  degrees,  till  it  again  falls 
back  into  the  great  gulf  of  the 'volcano. 

The  top  of  the  mountain  is  not  the  only 
place  from  which  the  fubterraneous  fire  has  been 
difcharged.  Through  the  whole  territory  which 
forms  the  Tides  and  ridge  of  Ætna,  and  at  great 
defiances  from  the  fummit,  there  are  many 
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craters  which  give  paffage  to  the  fire,  and  which 
are  furrounded  with  broken  rocks  that  had  been 
difcharged  by  different  eruptions.  We  may 
even  reckon  feveral  hills  formed  by  the  erup- 
tions of  thefe  fmall  volcano’s  which  furround 
the  great  one.  Each  of  thefe  hills  has  a crater 
at  its  top,  in  the  centre  of  which  is  a deep 
mouth  or  gulf.  Every  eruption  of  Ætna  has 
produced  a new  mountain;  and,  perhaps,  Mn 
Brydone  remarks,  their  number  would  determine, 
better  than  any  other  method,  that  of  the  erup- 
tions of  this  famous  volcano. 

The  city  of  Catania,  which  is  fituated  at  the 
foot  of  Mount  Ætna,  has  often  been  laid  in  ruins 
by  the  lavas  which  iffued  from  thefe  new  moun- 
tains during  the  time  of  their  formation.  In 
afcending  from  Catania  to  Nicolofi,  we  traverfe 
twelve  miles  through  a country  formed  by  an- 
cient lavas,  where  we  fee  the  mouths  of  extin- 
guished volcano’s,  which  at  prefent  are  fertile 
lands,  covered  with  grafs,  corn,  and  vineyards. 
The  lavas  which  form  this  region  proceeded 
from  the  eruptions  of  the  fmall  mountains, 
which  are  every  where  difperfed  over  the  fides 
of  Ætna:  They  are  all,  without  exception,  either 
regular  hemifpheres  or  cones.  In  general, 
every  eruption  raifed  one  of  thefe  mountains. 
Hence  the  a&ion  of  the  fubterraneous  fires 
does  not  always  reach  the  fummit  of  Ætna. 
They  often  iffue  from  the  fides,  and  even  from 
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the  foot  of  this  burning  mountain.  Each  erup- 
tion from  the  fides  of  Ætna  commonly  pro- 
duces a new  mountain  compofed  of  rocks,  flones, 
and  alhes  projeded  to  a great  diftance  by  the 
force  of  the  fire  ; and  the  magnitude  of  thefe 
new  mountains  is  proportioned  to  the  duration 
of  the  eruption.  If  it  continues  but  a few  days, 
it  produces  only  a little  hill,  about  a league  in 
circumference  at  the  bafe,  and  three  or  four 
hundred  feet  in  perpendicular  height.  But,  if 
the  eruption  continues  fome  months,  like  that 
of  1669,  it  then  gives  rife  to  a confiderable 
mountain  of  two  or  three  leagues  in  circum- 
ference, and  nine  hundred  or  a thoufand  feet 
high  ; and  all  thefe  hills  produced  by  Ætna, 
fome  of  which  are  twelve  thoufand  feet  high, 
appear  only  as  fmall  elevations  intended  to  ac- 
company the  majefty  of  the  parent  mountain. 

In  Vefuvius,  which  is  a very  fmall  volcano 
when  compared  with  Ætna,  eruptions  from  the 
Tides  of  the  mountain  are  rare,  and  the  lava  ge- 
nerally ifilies  from  the  crater  at  the  fumrnit. 
But,  in  Ætna,  eruptions  more  frequently  pro- 
ceed from  the  Tides  than  the  top,  and  lava  ilfues 
abundantly  from  every  new  mountain  formed 
by  thefe  eruptions.  Mr.  Brydone,  according  to 
the  information  he  received  from  M.  Recupero, 
fays,  that  the  mafles  of  ftones  projeded  from 
Ætna  rife  to  fuch  a height  that  they  take 
twenty-onç  féconds  of  time  in  defending  to 
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the  earth  ; while  thofe  of  Vefuvius  fall  in  nine 
féconds  ; hence  the  ftones  projeded  by  Vefuvius 
rife  to  the  height  of  1215  feet,  and  thofe  pro- 
jected by  Ætna  rife  6615  feet;  from  which  we 
may  conclude,  if  the  obfervations  be  accurate, 
that  the  force  of  Ætna  is  to  that  of  Vefuvius  as 
441  to  81,  u e . five  or  fix  times  greater.  That 
Vefuvius  is  a very  feeble  volcano,  when  com- 
pared to  Ætna,  is  proved  in  a more  forcible 
manner  by  this  circumftance,  that  Ætna  has  ac- 
tually produced  other  volcano's,  which  are 
larger  than  that  of  Vefuvius. 

4 Not  a great  way  from  this  cavern,  are  two 
4 of  the  moft  beautiful  mountains  of  all  that 
4 number  that  fpring  from  Ætna.  I mounted 
4 one  of  our  belt  mules,  and  with  a good  deal 
4 of  difficulty  arrived  at  the  fa  mm  it  of  the  high- 
4 eft  of  them,  juft  a little  before  fun-fet.  The 
4 profpedt  of  Sicily,  with  the  furrouilding  fea 
4 and  all  its  iflands,  was  wonderfully  noble.  The 
4 whole  courfe  of  the  river  Semetus,  the  ruins 
4 of  Hybla,  and  feveral  other  ancient  towns; 
4 the  rich  corn-fields  and  vineyards  on  the 
4 lower  region  of  the  mountain,  and  the  amazing 
4 number  of  beautiful  mountains  below,  made  a 
4 delightful  fcene.  The  hollow  craters  of  thefe 
4 two  mountains  are  each  of  them  confiderably 
4 larger  than  that  of  Vefuvius.  They  are  now 
4 filled  with  ftately  oaks,  and  covered  to  a great 
4 depth  with  the  richeft  foil.  I obferved  that 
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c this  region  of  Ætna,  like  the  former,  is  com- 
4 pofed  of  lava  ; but  this  is  now  covered  fo  deep 
6 with  earth,  that  it  is  no  where  to  be  feen,  but 
4 in  the  beds  of  the  torrents.  In  many  of  thefe 
4 it  is  worn  down  by  the  water  to  the  depth  of 
4 fifty  or  fixty  feet,  and  in  one  of  them  ftiil  con- 
4 fiderably  more. . . This  conical  mountain  is  of 
4 a very  great  frze;  its  circumference  cannot  be 
c lefs  than  ten  miles.  Here  we  took  a fécond 
4 reft,  as  the  greateft  part  of  our  fatigue  ftiil  re- 
4 mained.  The  mercury  had  fallen  to  20  : 4-^. 

4 — -We  found  this  mountain  exceffively  fteep  ; 

4 and  although  it  had  appeared  black,  yet  it  was 
4 like  wife  covered  with  fnow.  . . . The  prefent 
4 crater  of  this  immenfe  volcano  is  a circle  of 
4 about  three  miles  and  a half  in  circumference. 

4 It  goes  {helving  down  on  each  fide,  and  forms 
4 a regular  hollow  like  a vaft  amphitheatre. 

4 From  many  places  of  this  fpace,  ifliie  volumes 
4 of  fulphureous  fmoke,  which,  being  much 
4 /heavier  than  the  circumambient  air,  inftead  of 
4 riling  in  it,  as  fmoke  generally  does,  imme- 
4 diately  on  its  getting  out  of  the  crater,  rolls 
4 down  the  fide  of  the  mountain  like  a torrent, 

4 till  coming  to  that  part  of  the  atmofphere  of 
4 the  fame  fpecific  gravity  with  itfelf,  it  {hoots 
4 off  horizontally,  and  forms  a large  track  in  the 
4 air,  according  to  the  direction  of  the  wind  ; 

4 which,  happily  for  us,  carried  it  exa&ly  to  the 
4 fide  oppofite  to  that  where  we  were  placed. 
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* The  crater  is  fo  hot,  that  it  is  very  dangerous, 

( if  not  impoffible  to  go  down  into  it;  befides, 
c the  fmoak  is  very  incommodious,  and,  in 
( many  places,  the  furface  is  fo  foft,  there  have 

* been  indances  of  people  finking  down  in  it, 

* and  paying  for  their  temerity  with  their  lives* 
Near  the  centre  of  the  crater  is  the  great  mouth 

c of  the  volcano.  . . . When  we  arrived  at  the 
c foot  of  the  cone,  we  obferved  fome  rocks  of 
c an  incredible  fize,  that  have  been  difcharged 
c from  the  crater.  The  larged  that  has  been 
c obferved  from  Vefuvius,  is  a round  one  of 
6 about  twelve  feet  in  diameter.  Thefe  are  much 
c greater  ; indeed  aimed  in  proportion  of  the 
c mountains  to  each  other.9 

As  all  that  region  from  the  top  of  Ætna,  to 
the  didance  of  two  leagues  below,  prefents  an 
equal  furface,  without  hills  or  valleys,  and  as  the 
ruins  of  Empedocles  the  philofopher’s  tower, 
who  lived  four  hundred  years  before  the  Chrif- 
tian  æra,  are  dill  to  be  feen,  it  is  probable,  that, 
during  all  this  period,  the  great  crater  has  made 
few  or  no  eruptions.  Hence  the  force  of  the 
fire  has  diminifhed,  as  it  no  longer  a<ds  with  vio- 
lence at  the  fummit,  and  as  all  the  modem  erup- 
tions have  happened  in  the  lower  regions  of 
the  mountain.  However,  within  thefe  few  cen- 
turies, the  dimenfions  of  the  great  crater  have 
been  often  changed,  as  appears  from  the  mea- 
furêments  of  Sicilian  authors  at  different  periods. 

Sometimes 
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Sometimes  it  falls  down,  and  is  again  gradually 
elevated  till  it  falls  afrefh.  The  firft  of  thefe 
fallings,  which  are  well  attefted,  happened  in  the 
year  1157,  a fécond  in  1329,  a third  in  1444, 
and  the  lad  in  1 669,  But,  from  thefe  fads  we 
fhould  nor  conclude,  as  Mr.  Brydone  has  done, 
that  the  crater  will  foon  fuffer  another  overthrow. 
The  notion,  that  this  effed  fhould  be  produced 
every  hundred  years,  feems  to  have  no  founda- 
tion. I fhould  rather  imagine,  that,  as  the  fire 
no  longer  ads  with  violence  at  the  fummit,  its 
force  has  diminifhed,  and  will  continue  to  di- 
minifh,  in  proportion  as  the  fea  retires  : It  has 
already  retired  feveral  miles  by  the  adion  of  the 
volcano,  which  has  formed  large  banks  and  bul- 
warks by  vaft  torrents  of  lava.  Befides,  we 
know,  from  the  diminifhed  rapidity  of  Scylla 
and  Charybdis,  and  feveral  other  indications,  that 
the  Sicilian  fea  has  funk  eonfiderably  within 
thefe  two  thoufand  five  hundred  years.  We  may, 
therefore,  conclude,  that  this  fea  will  continue 
to  link,  and,  of  courfe,  that  the  adion  of  the 
neighbouring  volcano’s  will  not  relax  ; fo  that 
the  crater  of  Ætna  may  remain  during  a long 
time  in  its  prefent  Rate;  and,  if  ever  it  falls 
back  into  the  gulf,  it  will  probably  be  for  the 
la  ft  time.  I farther  prefume,  that  Ætna  ought 
to  be  regarded  as  one  of  the  primitive  moun- 
tains, on  account  of  its  height  and  the  immen- 
fity  of  its  fize,  and  that  it  began  to  ad  at  the  re- 
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mote  period  when  the  waters  firft  retreated. 
Its  adion,  however*  ceafed  after  this  retreat,  and 
was  not  renewed  till  that  modern  period  when 
the  Mediterranean  fea,  being  elevated  by  the 
mpture  of  the  Bofphorus  and  the  Straits  of 
Gibraltar,  deluged  the  land  between  Sicily  and 
Italy,  and  approached  to  the  bafis  of  Ætna.  Per- 
haps the  firft  of  thefe  eruptions  is  ftill  pofterior 
to  this  epoch  of  Nature.  4 It  is  evident,’  Mr. 
Brydone  remarks,  4 that  Ætna  did  not  burn  in 
4 the  days  of  Homer,  nor  for  a long  time  before, 
4 otherwife  it  would  have  been  inipoffible  that 
4 this  poet  fhould  have  talked  fo  much  of  Sicily, 
4 without  mentioning  an  objed  fo  aftoniftiing.’ 
This  remark  of  Mr.  Brydone  is  extremely  juft  ; 
and,  of  courfe,  the  firft  known  eruptions  of  Ætna 
fhould  be  dated  after  the  age  of  Homer.  But 
we  perceive,  from  the  poetical  allufion  of  Pin-» 
dar  and  Virgil,  and  from  the  defcriptions  of  an- 
cient and  modern  authors,  that,  in  the  fpace  of 
eighteen  or  nineteen  centuries,  the  whole  face 
of  this  mountain  and  of  the  adjacent  country 
has  been  changed  by  earthquakes,  eruptions,  tor- 
rents of  lava,  and  the  formation  of  hills  and 
gulfs  by  thefe  commotions.  For  the  fads  above 
related  I am  indebted  to  Mr.  Brydone’s  excellent 
performance  ; and  I have  too  high  an  efteem 
for  Mr.  Brydone  to  believe  that  he  can  be  offend- 
ed, becaufe  I do  not  agree  with  him  as  to  the 
force  of  volcano’s,  and  feme  other  conclufions 

he 
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he  has  drawn  from  thefe  fads.  No  preceding 
author  has  obferved  with  equal  acutenefs,  or 
prefented  fnch  lively  pidures  of  the  objeds  he 
furveyed  ; the  whole  republic  of  letters,  there- 
fore, ought  to  unite  in  celebrating  a work  fo  de- 
ferving  of  praife. 

Torrents  of  glafs  in  fufion,  which  have  re- 
ceived the  denomination  of  lavas,  are  not  the  firft 
effeds  of  eruptions.  Thefe  eruptions  are  com- 
monly announced  by  an  earthquake  more  or  lefs 
violent,  which  is  the  firft  effort  of  the  fubterra- 
neous  fire  to  efcape  from  the  bowels  of  the  earth  t 
It  foon,  however,  opens  a paffage,  which  it  en- 
larges by  projecting  rocks  and  every  other  ob- 
ftrudion  to  its  motion.  Thefe  materials,  which 
are  exploded  to  a great  height,  fall  back  upon 
each  other,  and  form  an  eminence  more  or  lefs 
confiderable  in  proportion  to  the  duration  and 
violence  of  the  eruption.  As  all  the  rejeded 
matters  are  penetrated  by  fire,  and  moft  of  them 
converted  into  burning  allies,  the  eminence  to 
which  they  give  rife  is  a mountain  of  folid  fire, 
in  which  a great  part  of  the  matter  is  melted  by 
the  fervency  of  the  heat.  This  melted  matter 
foon  begins  to  run,  and  generally  flows  to  thé 
foot  of  the  new  mountain  by  which  it  was  pro- 
duced. But,  in  fmall  volcano’s,  which  have  not 
force  fufficient  to  throw  the  ejeded  matters  to  a 
great  diftance,  the  lava  iffues  from  the  top  of  the 
mountain.  This  effed  is  confpicuous  in  the  erup- 
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lions  of  Vefuvius,  The  lava  rifes  in  the  cen- 
tre of  the  crater.  The  volcano  firft  throws 
out  ftones  and  allies,  which  fall  perpendicularly 
back  into  the  old  crater  and  augments  its  fize. 
It  is  through  this  additional  matter,  which  has 
fallen  back,  that  the  lava  opens  a paffage.  Thefe 
two  effects,  though  different  in  appearance,  are 
neverthelefs  the  fame;  for,  in  a fmall  volcano, 
which,  like  Vefuvius,  has  not  force  enough  to 
give  birth  to  new  mountains  by  projecting  its 
materials  to  a diftance,  the  whole  fall  back  upon 
the  fummit  and  increafe  its  height;  and  it  is  at 
the  foot  of  this  new  crown  of  matter  that  the 
lava  forces  its  way  and  flows  down  the  moun- 
tain. This  laft  effort  is  generally  fucceeded  by 
a repofe  of  the  volcano.  The  fuccuffions  of  the 
earth  within,  and  the  projections  without,  ceafe 
as  foon  as  the  lava  flows.  But  the  torrents  of 
this  glafs  in  fufion  produce  effects  ft  ill  more  ex- 
tenfive  and  difaftrous  than  the  convulfions  of  the 
mountain  during  an  eruption.  Thefe  rivers  of 
fire  ravage,  deftroy,  and  disfigure  the  furface  of 
the  earth.  Nothing  can  oppofe  their  dreadful 
progrefs.  Of  this  the  unfortunate  inhabitants 
of  Catania  have  had  fatal  experience.  As  their 
city  had  often  been  deftroyed,  either  wholly  or 
in  part,  by  thefe  torrents  of  lava,  they  built  very 
ftrong  walls  of  fifty-five  feet  in  height.  Sur- 
rounded by  thefe  ramparts,  they  believe  them- 
felves  to  be  fafe.  The  walls,  it  is  true,  refilled  the 

heat 
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heat  and  the  weight  of  the  torrent.  But  this 
refiftance  ferved  only  to  dam  up  the  lava*  which 
rofe  above  the  ramparts,  fell  back  upon  the  city, 
and  ravaged  every  thing  in  its  progrefs. 

Thefe  torrents  of  lava  are  often  half  a league, 
and  fometimes  even  two  leagues  broad. 

4 The  laft  lava  we  eroded  before  our  arrival  at 
4 Catania,  is  of  a va  ft  extent.  I thought  we  never 
4 fhould  have  done  with  it;  it  certainly  is  not 
4 lefs  than  fix  or  feven  miles  broad,  and  appears 
4 in  many  places  to  be  of  an  enormous  depth. 

4 When  we  came  near  the  fea,  I was  defirous 
4 to  fee  what  form  it  had  affumed  in  meeting 
4 with  the  water.  I went  to  examine  it,  and 
4 found  it  had  driven  back  the  waves  for  upwards 
4 of  a mile,  and  had  formed  a large  black  high 
4 promontory,  where  before  it  was  deep  water. 
4 This  lava,  I imagined,  from  its  barrennefs,  for 
4 it  is  as  yet  covered  with  a very  fcanty  foil,  had 
4 run  from  the  mountain  only  a few  ages  ago; 
4 but  was  furprifed  to  be  informed  by  Signior 
4 Recupero,  the  hiftoriographer  of  Ætna,  that 
4 this  very  lava  is  mentioned  by  Diodorus  Sicu- 
4 lus  to  have  burft  from  Ætna  in  the  time  of 
4 the  fécond  Punic  war,  when  Syracufe  was  be- 
4 fieged  by  the  Romans.  A detachment  was 
4 fent  from  Taurominum  to  the  relief  of  the  be- 
4 fieged.  They  were  flopped  on  their  march 
4 by  this  ftream  of  lava,  which  having  reached 
4 the  fea  before  their  arrival  at  the  foot  of  the 

4 mountain, 
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* mountain,  had  cut  ôff  their  pafiage  ; and  ob-* 
11  liged  them  to  return  by  the  back  of  Ætna,  up- 
c wards  of  ioo  miles  about.  His  authority  for 
4 this,  he  tells  me,  was  taken  from  infcriptions 
4 on  Roman  monuments  found  on  this  lava, 
4 and  that  it  was  likewife  well  afcertained  by 
4 many  of  the  old  Sicilian  authors.  Now,  as 
4 this  is  about  2000  years  ago,  one  would  have 
4 imagined,  if  lavas  have  a regular  progrefs  in 
4 becoming  fertile  fields,  that  this  rauft  long 
4 ago  have  become  at  leaft  arable  ; this  however 
4 is  not  the  cafe,  and  it  is  as  yet  only  covered 
4 with  a very  fcanty  vegetation,  and  incapable 
4 of  producing  either  corn  or  vines.  There  are 
4 indeed  pretty  large  trees  growing  in  the  ere- 
4 vices,  which  are  full  of  a rich  earth  ; but  in 
4 all  probability  it  will  be  fome  hundred  years 
4 yet,  before  there  is  enough  of  it  to  render  this 
4 land  of  any  ufe  to  the  proprietors. 

. 4 We  paffed  the  river  Alcantara  on  our  way 
4 to  Piedmonte,  over  a large  bridge  built  entire- 
4 ly  of  lava  ; and  near  to  this  the  bed  of  the 
4 river  is  continued  for  a great  way,  through 
4 one  of  the  moft  remarkable,  and  probably  one 
4 of  the  moft  ancient  lavas  that  ever  run  from 
4 Ætna.  In  many  places  the  current  of  the  river, 

4 which  is  extremely  rapid,  has  worn  down  the 
4 folid  lava  to  the  depth  of  50  or  60  feet.  Re- 
4 cupero,  the  gentleman  I have  mentioned,  who 
4 is  engaged  in  writing  the  Natural  Hiftory  of 
VOL.  IX.  l 4 Ætna, 
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‘ Ætna,  tells  me,  he  had  examined  this  lava 
‘ with  great  attention,  and  he  thinks  that  its 
4 courfe,  including  all  its  windings,  is  not  lefs 
4 than  40  miles.  It  ifilied  from  a mountain  on 
c the  north  fide  of  'Ætna,  and  finding  fome  val- 
4 leys  that  lay  to  the  eaft,  it  took  its  courfe  that 
4 way,  interrupting  the  Alcantara  in  many  places, 

4 and  at  laft  arrived  at  the  fea,  not  far  from  the 
4 mouth  of  that  river. 

4 The  city  of  Jaci  or  Aci,  and  indeed  all  the 
4 towns  on  this  coaft,  are  founded  on  immenfe 
4 rocks  of  lava,  heaped  one  above  another,  in 
4 fome  places  to  an  amazing  height  ; for  it  ap- 
4 pears  that  thefe  flaming  torrents,  as  foon  as 
4 they  arrived  at  the  fea,  were  hardened  into 
4 rock,  which  not  yielding  any  longer  to  the 
4 preffure  of  the  liquid  fire  behind,  the  melted 
4 matter  continuing  to  accumulate,  formed  a 
4 dam  of  fire,  which,  in  a Abort  time,  run  over 
4 the  folid  front,  pouring  a fécond  torrent  into 
4 the  ocean  : This  was  immediately  confolidated, 
4 and  fucceeded  by  a third,  and  fo  on.  . . . The 
4 road  from  Jaci  to  this  city  is  entirely  over 
4 lava,  and  confequently  very  fatiguing  and 
' troublefome.  Within  a few  miles  of  that 
4 place,  we  counted  eight  mountains  formed  by 
4 eruptions,  with  every  one  its  crater^  from 
4 whence  the  burnt  matter  was  difcharged.  Some 
4 of  thefe  are  very  high,  and  of  a great  compafs. 
4 It  appears  evidently,  that  the  eruptions  of 
5 4 Mount 
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* Mount  Ætna  have  formed  the  whole  of  this 
4 coaft,  and  in  many  places  have  driven  back 
4 the  fea  for  feveral  miles  from  its  ancient  boun- 
4 dary.  . . At  Catania,  near  to  a vault,  which  is 

* now  thirty  feet  below  ground,  and  has  pro- 
e bably  been  a burial  place,  there  is  a draw-well, 
4 where  there  are  feveral  ftrata  of  lavas;  with 

* earth  to  a confiderable  thicknefs  over  the  fur- 
c face  of  each  ftratum.  Recupero  has  made  ufe 
c of  this  as  an  argument  to  prove  the  great  an- 
4 tiquity  of  the  eruptions  of  his  mountain.  For 
4 if  it  requires  two  thoufand  years  or  upwards 
4 to  form  but  a fcanty  foil  on  the  furface  of  a 
4 lava,  there  mull  have  been  more  than  that 
4 fpace  of  time  betwixt  each  of  the  eruptions 
4 which  have  formed  thefe  ftrata.  But  what 
4 fhall  we  fay  of  a pit  they  funk  near  to  Jaci,  of 
4 a great  depth?  They  pierced  through  feven 
4 diftind  lavas  one  under  the  other,  the  furfaces 
4 of  which  were  parallel,  and  moft  of  them  co- 
4 vered  with  a thick  bed  of  rich  earth*  Now, 

4 fays  he,  the  eruption  which  formed  the  lowed: 

4 of  thefe  lavas,  if  we  may  be  allowed  to  reafon 
4 from  analogy,  mull  have  flowed  from  the 
4 mountain  at  leaft  1 4*000  years  ago.  . . * 

4 The  great  eruption  of  1669,  after  ihaking 
4 the  whole  country  around  for  four  months,  and 
4 forming  a very  large  mountain  of  ftones  and 
4 afhes,  burft  out  about  a mile  above  Monpelieri, 

4 and  defending  like  a torrent,  bore  diredly 

h 2 4 againft 
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* againft  the  middle  of  that  mountain,  and  (they 

* pretend)  perforated  it  from  fide  to  fide  : This 
4 however  I doubt,  as  it  mull  have  broken  the 
c regular  form  of  the  mountain,  which  is  not 
4 the  cafe.  But  certain  it  is,  that  it  pierced  it 

* to  a great  depth.  The  lava  then  divided  in- 
4 to  two  branches  ; and  furrounding  this  moun- 
4 tain,  joined  again  on  its  fouth  fide  ; and  lay- 
4 ing  wade  the  whole  country  betwixt  that  and 
4 Catania,  fcaled  the  walls  of  that  city,  and 
4 poured  its  flaming  torrent  into  the  ocean.  In 
4 its  way,  it  is  faid  to  have  deftiroyed  the  pofTef- 
4 fions  of  near  30,000  people,  and  reduced  them 
4 to  beggary.  It  formed  feveral  hills  where 
4 there  were  formerly  valleys,  and  filled  up  a 
c large  lake,  of  which  there  is  not  now  the  leaft 
4 veftige  to  be  feen.  , . . There  is  no  part  of  the 
4 coafl  from  Catania  to  Syracufe  nearer  than 
4 thirty  miles  to  its  fummit  ; and  yet  there  has 
41  hardly  been  any  great  eruption,  where  the 
4 lava  has  not  reached  the  fea,  and  driven  back 
4 its  waters  to  a great  diftance,  leaving  high 
4 rocks  and  promontories,  that  for  ever  fet  its 
4 waves  at  defiance,  and  prefcribe  their  utmoft 

* limits.  What  a tremendous  fcene  muft  the 
<-  meeting  betwixt  thefe  adverfe  elements  have 
4 formed  ? 

4 We  may  eafily  conceive  the  variety  of 
4 changes  this  coaft  has  undergone  in  the  fpace 
4 of  fome  thoufands  of  years,  as  every  great 
7 * eruption 


AND  VOLCANO’S. 


165 

* eruption  muft  have  made  a considerable  differ- 
4 ence. — Virgil  is  wonderfully  minute  and  ex- 
4 a£t  in  his  geography  of  Sicily  ; and  this  is  the 
4 only  part  of  the  ifland  that  feems  to  be  mate- 
4 rially  altered  fince  his  time.  He  fays  there 
‘ was  a very  large  port  at  the  foot  of  Ætna, 
4 where  fhips  were  fecure  from  every  wind  ; 

“ Portus  ab  acceffu  ventorum  immotus  et  ingens  j” 

* of  which,  at  prefent,  there  are  not  the  leaft 
4 remains.  It  is  probably  the  fame  that  was 
4 called  by  the  Sicilians  the  port  of  Ulyfles  ; 
4 which  is  often  mentioned  by  their  writers. — 
4 The  place  of  its  exiftence  is  ftill  fhewn  betwixt 

* three  and  four  miles  up  the  country,  amongft 
4 the  lavas  of  Ætna.  . . . 

4 The  circumference  of  the  great  bafe  of 
4 Ætna,  Recupero  told  me,  he  had  been  at  a 
4 good  deal  of  pains  to  afcertain  ; as  it  had  ge- 
4 nerally  been  computed  only  at  a hundred  miles, 
4 or  little  more,  although  the  radii  of  that  circle 
4 had  ever  been  efteemed  at  thirty  of  thofe  miles; 
4 an  abfurdity  in  computation  that  had  put  him 
4 upon  making  this  inquiry.  The  refait  was, 
« that  taking  the  fuppofed  diftances  of  one  place 
4 from  another,  all  the  way  round,  the  fum  of 
4 the  whole  amounted  to  one  hundred  and  eighty- 
4 three  miles  : An  immenfe  circle  furely,  and 
4 which  is  ftill  enlarged  by  every  confiderable 

* eruption/ 
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Here  we  have  a territory  of  about  300  fuper- 
facial  leagues,  all  covered  or  formed  by  the  pro-. 
jeftions  of  volcano’s.  In  this  territory,  inde- 
pendent of  the  peak  of  Ætna,  there  are  many 
Gther  mountains,  all  of  which  are  furnifhed  with 
craters,  and  exhibit  an  equal  number  of  particu- 
lar volcano’s.  Ætna,  therefore,  muft  not  be  re-» 
garded  as  a fingle  volcano,  but  as  an  afl'emblage 
of  volcano’s,  the  greater  part  of  which  are  extin- 
guifhed,  or  burn  with  a gentle  fire,  and  a few  of 
them  ftill  a£t  with  violence.  At  prefent,  the 
fummit  of  Ætna  throws  out  nothing  but  fmoke  ; 
and  there  feems  to  have  been  no  eruption  from 
it  for  a very  long  period  of  time  ; becaufe  it  is 
furrounded,  to  the  diftance  of  two  leagues,  with 
an  equal  furface,  and  below  this  high  region  co^ 
vered  with  fnow,  we  find  a large  zone  of  vaft 
forefts,  the  foil  of  which  is  a fertile  earth  of  fe- 
veral  feet  in  thicknefs.  This  inferior  zone  is 
interfperfed  with  inequalities,  and  prefents 
heights,  valleys,  hills,  and  even  pretty  large 
mountains.  But,  as  almoft  the  whole  of  thefe 
inequalities  are  covered  with  a great  thicknefs 
of  earth,  and  as  a long  fucceflion  of  time  was 
neceflary  to  convert  volcanic  matters  into  vege- 
table foil,  we  Ihould  regard  the  fummit  of 
Ætna,  and  the  other  mouths  which  furround  it 
to  the  diftance  of  four  or  five  leagues,  as  vol^ 
cano’s  almoft  extinâ,  or,  at  leaft,  ftifled  for  a 
number  of  ages  5 for*  all  the  eruptions,  the  dates 

of 
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of  which  can  be  afcertained  for  two  thoufand 
live  hundred  years,  have  happened  in  the  lower 
region,  /.  e.  five,  fix,  or  feven  leagues  diftant 
from  the  fummit.  The  volcano’s  of  Sicily  feem 
to  have  had  two  different  ages  : The  firft  very 
ancient,  when  the  fummit  of  Ætna  began  to  a£t, 
and  when  the  univerfal  ocean  left  this  fummit 
dry,  and  funk  fome  hundreds  of  fathoms  below  ; 
It  was  at  this  period  that  the  firft  eruptions  hap- 
pened, which  produced  lava  at  the  fummit,  and 
gave  rife  to  thofe  hills  found  below  in  the  re- 
gion of  forefts  ; but  afterwards,  the  waters  con- 
tinuing to  fink,  they  totally  abandoned  this 
mountain,  as  well  as  all  the  territories  of  Sicily 
and  the  adjacent  continents.  After  this  total 
retreat  of  the  waters,  the  Mediterranean  was 
only  a lake  of  a moderate  extent,  and  its 
waters  were  very  diftant  from  Sicily,  and  all  the, 
countries  whofe  coafts  it  now  wafhes,  During 
all  this  time,  which  lafted  feveral  thoufand 
years,  Sicily  was  perfectly  tranquil  : Ætna,  and 
the  other  ancient  volcano’s  which  furround  its 
fummit,  had  ceafed  to  act  ; and  it  was  not  till 
after  the  augmentation  of  the  Mediterranean  by 
the  waters  of  the  ocean  and  of  the  Black  Sea, 
L e.  after  the  rupture  of  the  Straits  of  Gibraltar 
and  of  the  Bofphorus,  that  the  waters  attacked 
the  bafes  of  the  new  mountains  of  Ætna,  and 
produced  thofe  modern  eruptions  which  have 
happened  fince  the  age  of  Pindar  to  the  prefent 

L 4 , time  \ 
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time  ; for  this  poet  is  the  firft  author  who  has 
taken  notice  of  eruptions  of  volcano’s  in  Sicily, 
Vefuvius  was  precifely  in  the  fame  fituation  : 
It  was  long  one  of  the  extinguished  volcano’s  of 
Italy,  which  are  very  numerous  ; and  their 
eruptions  were  not  renewed  till  after  the  waters 
of  the  Mediterranean  were  increafed,  and  reach- 
ed the  bafes  of  thefe  inflammable  mountains. 
The  memory  of  the  firft  eruptions,  and  even  of 
all  thofe  which  preceded  the  age  of  Pliny,  was 
entirely  obliterated.  Neither  fhould  this  circum- 
ftance  excite  furprife  ; for  ten  thoufand  years 
have,  perhaps,  elapfed  fince  the  general  retreat 
of  the  waters  to  the  augmentation  of  the  Medi- 
terranean, and  an  equal  portion  of  time  from 
the  firft  eruption  of  Vefuvius  till  their  removal. 
All  thefe  confiderations  feem  to  prove,  that  fub- 
terraneous  fires  cannot  adt  wfith  violence,  unlefs 
when  they  are  fo  near  the  fea  as  to  receive  a 
fhock  from  a great  body  of  water.  This  rea- 
foning  is  confirmed  by  other  phænomena;  Vok 
cano’s  fometimes  throw  out  great  quantities  of 
water,  and  likewife  torrents  of  bitumen.  P.  delà 
Torre,  an  able  philofopher,  relates,  that,  on  the 
10th  of  March  17 55,  an  immenfe  torrent  of  water 
iflued  from  the  foot  of  the  mountain,  which  de- 
luged the  neighbouring  country.  This  torrent 
brought  down  fuch  a quantity  of  land,  that  it 
covered  an  extenfive  plain.  Thefe  waters  were 
very  hot.  The  ftones  and  fand  left  on  the  plain 

differed 
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differed  not  from  thofe  found  in  the  fea.  The 
torrent  of  water  was  immediately  followed  by 
another  of  inflamed  matter,  which  proceeded 
from  the  fame  opening  *. 

The  fame  eruption,  1755,  was  preceded, 
fays  M.  D’Arthenay,  by  an  inflammation  fo 
great,  that  it  illuminated  more  than  twenty-four 
miles  of  country  along  the  coafts  of  Catania.  The 
explofions  were  foon  fo  frequent,  that,  on  the 
3d  of  March,  we  perceived  a new  mountain  in 
the  top  of  the  old  fummit,  in  the  fame  manner 
as  lately  happened  to  Vefuvius.  Laftly,  the 
magiftrates  of  Mafcali  informed  us,  that,  on  the 
9th  of  the  fame  month,  the  explofions  were 
terrible  ; that  the  whole  Iky  was  darkened  with 
fmoke  ; that,  on  the  approach  of  night,  it  be- 
gan to  rain  a deluge  of  fmall  ftones,  fome  of 
which  weighed  three  ounces,  and  covered  all 
the  adjacent  cantons  ; that  this  tremendous  rain 
continued  an  hour  and  a quarter,  and  was  fuc- 
ceeded  by  another  of  black  afhes,  which  lafted 
the  whole  night  ; that  next  day,  about  eight 
o’clock  in  the  morning,  the  fummit  of  Ætna 
threw  out  a river  of  water,  which,  for  magni- 
tude, might  be  compared  to  the  Nile;  that  the 
moft  ancient  and  rugged  mountains  of  lava 
were  in  an  inftant  converted  by  this  torrent  in- 
to a vafl:  plain  of  fand  ; that  the  water,  which 

* Hift.  du  Mont  Vefuve,  par  le  P.  J.  M.  de  la  .Torre  ; 
Journal  'Etranger , mois  Janvier  1576,  p,  303. 
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fortunately  ran  not  above  half  a quarter  of  an 
hour,  was  very  hot;  that  the  ftones  and  fand 
carried  along  with  it  differed  not  from  thofe  of 
the  fea  ; that,  after  this  inundation,  there  iffued 
from  the  fame  mouth  a fmall  rivulet  of  fire, 
which  flowed  during  twenty-four  hours  ; that, 
on  the  I ith,  about  a mile  below  this  mouth,  a 
rent  happened,  through  which  iffued  a ftream 
of  lava,  of  about  a hundred  fathoms  broad  by 
two  miles  in  length,  and  that  it  continued  its 
courfe  through  the  country  the  fame  day  in 
which  M.  D’Arthenay  wrote  this  relation 
Let  us  attend  to  what  Mr.  Brydone  has  re- 
marked concerning  this  eruption  : 4 Part  of  the 
4 fine  forefts  which  compofe  the  fécond  region 
4 of  Ætna  was  deftroyed  by  a very  Angular 
4 event,  not  later  than  the  year  1755.  During 
4 an  eruption  of  the  volcano,  an  immenfe  tor- 
4 rent  of  boiling  water  iffued,  as  is  imagined, 
c from  the  great  crater  of  the  mountain,  and  in 
4 an  inftant  poured  down  to  its  bafe  ; over- 
4 whelming  and  ruining  every  thing  it  met  with 
4 in  its  courfe.  Our  conductors  fhewed  us  the 
4 traces  of  this  torrent,  which  are  ftill  very  vifible  ; 

4 but  are  now  beginning  to  recover  verdure  and 
4 vegetation,  wdiich  for  fome  time  appeared  to 
4 have  been  loft.  The  track  it  has  left  feems 

* Mem.  des  Savans  Etrangers,  imprimés  comme  fuite  des 
Mem.  de  T Acad,  des  Sciences,  torn.  iv.  p.  147. 
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c to  be  about  a mile  and  a half  broad  ; and  in 
* fome  places  ft  ill  more. 

4 The  common  opinion,  I find,  is,  that  this 
4 water  was  raifed  by  the  power  of  fudion, 
4 through  fome  communication  betwixt  the  vol- 
4 cano  and  the  fea  ; the  abfurdity  of  which  is 
4 too  glaring  to  need  a refutation.  The  power 
4 of  fudion  alone, . even  fuppofing  a perfed 
4 vacuum,  could  never  raife  water  to  more  than 
4 thirty-three  or  thirty-four  feet,  which  is  equal 
4 to  the  weight  of  a column  of  air  the  whole 
4 height  of  the  atmofphere.’ 

I mu  ft  here  obferve,  that  Mr.  Brydone  feems 
to  have  deceived  himfelf  ; for  he  confounds  the 
force  arifing  from  the  w-eight  of  the  atmofphere 
with  the  force  of  fudion  produced  by  the  ac- 
tion of  fire.  The  force  of  the  air,  when  a va- 
cuum is  made,  is  indeed  limited  to  thirty-four 
feet.  But  the  force  of  fudion  by  fire  has  no 
limits  : It  is  always  proportioned  to  the  quan» 
tity  and  intenfity  of  the  heat  by  which  it  is 
produced,  as  is  evident  from  the  common  ef- 
fects of  blaft  furnaces.  Hence  the  opinion  of 
the  enlightened  people  of  the  country , inftead  of 
being  abfurd,  feems  to  be  well  founded.  It  is 
neceflary  that  the  cavities  of  volcano’s  fhould 
communicate  with  the  fea  : Without  this  com- 
munication, fuch  immenfe  torrents  of  water 
could  not  be  thrown  out,  nor  indeed  could  any 
eruption  ever  happen;  for  no  power,  except 
, the 
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the  fhock  produced  by  the  mingling  of  fire  and 
water,  could  give  rife  to  fuch  violent  effefls. 

The  volcano  of  Pacayita,  called  the  water  vol- 
cano by  the  Spaniards,  in  all  its  eruptions,  throws 
out  torrents  of  water.  The  laft  eruption,  in  the 
year  1773,  deftroyed  the  city  of  Guatimala, 
and  the  torrents  of  water  and  lava  defcended  to 
the  South  Sea. 

With  regard  to  Vefuvius,  it  has  been  remark- 
ed, that  a wind,  which  blows  from  the  fea,  pe- 
netrates into  the  mountain.  The  noife  it  makes 
in  certain  cavities  is  heard,  as  if  fome  torrent 
pafled  below  : This  noife  ceafes  whenever  the 
land  winds  blow,  and,  at  the  fame  time,  the 
exhalations  from  the  mouth  of  Vefuvius  be- 
come lefs  confiderable.  But,  when  the  wind 
blows  from  the  fea,  this  noife  which  refembles 
that  of  a torrent,  recommences,  and  the  exha- 
lations of  flame  and  frnoke  increafe.  The  wa- 
ter of  the  fea,  by  thus  infinuating  itfelf  into  the 
mountain,  fometimes  in  greater,  and  fometimes 
in  fmaller  quantities,  is  the  reafon  why  this  vol- 
cano has  often  thrown  out  both  afhes  and  wa- 
ter 

The  learned  M.  D’Arthenay,  who  has  com- 
pared the  modern  with  the  ancient  ftate  of  Ve- 
fuvius, relates,  that,  during  the  interval  which 
preceded  the  eruption  1631,  the  funnel  or  cra- 

• Defcript.  Hiftorique  et  Philof.  de  Vefuve,  par  M.  l’Abbé 
Mecatti  \ Jounial  Etranger,  mois  Qïï.  1754. 
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ter  of  the  mountain  was  covered  with  trees  and 
verdure  ; that  the  fmall  plain  which  bounds  it 
produced  excellent  pafture  ; that,  in  departing 
from  the  fuperior  margin  of  the  crater,  we  have 
a mile  to  defcend  before  we  arrive  at  this  plain* 
in  the  middle  of  which  was  another  gulf.  We 
defcended  this  gulf  about  a mile,  by  narrow 
and  winding  roads  of  an  equal  declivity,  which 
led  into  a vaft  fpace  furrounded  with  caverns, 
from  whence  there  iffued  winds  fo  impetuous 
and  fo  cold , that  it  was  hnpojfible  to  endure  them . 
According  to  the  fame  obferver,  the  fummit  of 
Vefuvius  was  then  five  miles  in  circumference. 
We  fhould  not,  therefore,  be  furprifed,  th^t 
fome  philofophers  have  maintained  that  what 
feems  now  to  be  two  mountains,  was  formerly 
one  ; that  the  volcano  was  in  the  centre,  but 
that  the  fouth  fide,  having  fallen  by  the  force 
of  fome  eruption,  produced  the  valley  which 
feparates  Vefuvius  from  Mount  Somma  *. 

M.  Steller  remarks,  that  the  volcano’s  in  the 
north  of  Afia  are  almoft  always  ifolated ; that  they 
have  nearly  the  fame  furface;  and  that  there  are 
always  lakes  on  the  fummits,  and  hot  waters  at 
the  foot  of  thofe  mountains  whofe  volcano’s  are 
extindh  This,  he  adds,  is  a farther  proof  of 
the  correfpondence  eftablifhed  by  nature  be- 
tween the  fea,  mountains,  volcano’s,  and  hot 

* Obferv.  fur  le  Vefuve,  par  M.  d’Arthçnayj  Journal  de 
Savons  Etrangers,  tom.  Lv.  J>.  14^. 

wafers. 
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waters.  We  find  many  fprings  of  hot  water  in 
different  parts  of  Kamtfchatkà  *.  In  the  ifland 
of  Sjanw,  forty  leagues  diftant  from  Ternate* 
there  is  a volcano,  which  often  throws  out  wa- 
ter, afhesf,  &c.  But  it  is  unneceffary  to  ac- 
cumulate more  fads  to  prove  the  communica- 
tion of  volcano’s  with  the  lea.  The  violence 
of  their  eruptions  would  be  fufficient  to  juftify 
the  prefumption  ; and  the  general  fad,  that  all 
ading  volcano’s  are  fituated  near  the  fea,  com- 
pletes the  demonftration.  However,  as  fome 
philofophers  have  denied  the  reality  and  even 
the  poffibility  of  this  communication  of  volca- 
no’s with  the  fea,  I fhall  mention  another  fad 
related  by  M.  de  la  Condamine,  a man  equally 
enlightened  as  worthy  of  credit.  c On  the  14th 

* of  June  1755,’  he  remarks,  4 I mounted  to 
4 the  fummit  of  Vefuvius,  and  even  to  the  brink 
4 of  the  funnel  formed  round  the  mouth  of  the 
4 volcano  by  its  laft  explofion  ; and  I perceived 
4 in  the  gulf,  about  forty  fathoms  deep,  a 
4 great  cavity  refembling  a vault  toward  the 
4 north  of  the  mountain.  I threw  down  large 
4 ftones  into  this  cavity,  and  counted  twelve 
4 féconds  before  the  noife  of  their  rolling  ceaf- 

• ed.  At  the  end  of  their  fall  I heard  a noife 
4 fimilar  to  that  of  a ftone  falling,  into  a mire  ; 

4 and,  when  nothing  was  thrown  in,  I heard  a 

* Hilt,  Gen.  d^s  Voyages,  tom.  xix.  p.  25 $. 

•f  Ibid.  tom.  xvii.  p.  54. 
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* noife  like  that  of  agitated  waves  •*.’  If  the 
fall  of  the  ftones  had  been  perpendicular,  and 
met  with  no  obftacle,  twelve  féconds  would 
have  given  a depth  of  2160  feet,  and  the  bot- 
tom of  the  gulf  would,  on  this  fuppofition,  be 
deeper  than  the  level  of  the  fea  ; for,  according 
to  le  P.  de  la  Torre',  in  1753,  this  mountain 
was  only  1677  feet  above  the  furface  of  the  fea, 
and  this  elevation  has  been  diminifhed  fince 
that  period.  Hence  we  may  conclude,  that  the 
caverns  of  this  volcano  defcend  below  the  level 
of  the  fea,  and,  of  courfe,  they  may  have  fub- 
terraneous  communications* 

On  the  ijth  of  July  1753,  I received,  from 
an  eye-witnefs,  and  an  accurate  obferver,  a di- 
frindt  detail  of  the  then  condition  of  Vefuvius. 

I fhall  fubjoin  it  in  the  words  of  the  author,  he- 
caufe  it  will  tend  to  fix  our  ideas  concerning 
what  is  to  be  farther  apprehended  from  the  ef- 
fects of  this  volcano,  the  force  of  which  feems 
to  he  greatly  diminifhed. 

6 Having  arrived  at  the  foot  of  the  mountain^ 
4 which  is  about  two  leagues  diftant  from  Na- 
* pies,  we  mounted  during  an  hour  and  a half 
6 upon  affes,  and  an  equal  portion  of  time  was 
4 employed  in  completing  the  journey  on  foot. 
4 This  is  the  fteepeft;  and  moft  fatiguing  part  of 
4 the  way.  We  held  by  the  belts  of  two  men 

# Voyage  en  Italie,  par  M.  de  la  Condamjne  ; Mem-  etc 
l f Acad,  des  Sciences , année  1757,  p-  371. 
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c who  went  before,  and  we  climbed  among  afheS 
4 and  ftones  formerly  exploded. 

4 In  our  afcent,  we  faw  the  lavas  of  different 
4 eruptions.  The  moft  ancient,  whofe  age  is 
4 uncertain,  but  tradition  affigns  it  two  hundred 
4 years,  is  of  an  iron-grey  colour,  and  has  all 
4 the  appearance  of  a ftone  : It  is  ufed  for  pav- 
4 ing  the  ftreets  of  Naples,  and  in  other  works 
4 of  inafonry.  We  found  others,  which  were 
4 faid  to  be  fixty,  forty,  and  twenty  years  old. 

4 The  laft  was  thrown  out  in  the  year  1752.  . . 

4 Thefe  different  lavas,  except  die  moft  ancient, 

4 when  viewed  at  a diftance,  have  the  appear- 
4 ance  of  a blackifh  brown  rugged  earth,  more 
4 or  lefs  recently  laboured.  When  viewed  near- 
4 er,  it  is  a matter  perfe&ly  fimilar  to  the  refufe 
4 of  iron  foundries.  It  is  more  or  lefs  com- 
4 pofed  of  earth  and  ferruginous  matter,  and  ap- 
4 proaches  more  or  lefs  to  the  nature  of  ftone. 

4 When  arrived  at  the  top,  which  before  the 
4 eruption  was  folid,  we  find  the  firft  bafim, 

4 whofe  circumference  is  faid  to  be  two  Italian 
4 miles,  and  its  depth  appears  to  be  about  forty 
4 feet.  It  is  furrounded  with  a cruft  of  earth, 

4 which  gradually  thickens  toward  the  bafe,  and 
4 its  upper  margin  is  two  feet  broad.  The  bot- 
4 tom  of  this  bafin  is  covered  with  a greenifh 
4 yellow  fulphureous  matter,  which  is  hard  and 
4 warm,  but  does  not  burn  \ and  fmoke  iffues 
4 through  different  fiffures. 

4 In 
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£ In  the  centre  of  this  bafin,  we  fee  a fécond 
which  is  about  half  the  circumference  and  half 
the  depth  of  the  former.  Its  bottom  is  covered 
with  a blackifh  brown  matter,  fimilar  to  the 
frefheft  lavas  we  find  on  the  road. 
c In  the  fécond  bafin,  there  is,  a fmall  mount 
which  is  hollow  internally,  open  at  the  top, 
and  like  wife  open  from  the  top  to  the  bafe  to- 
ward that  fide  of  the  mountain  where  we 
afcended.  This  lateral  opening  is  about  twenty 
feet  broad  at  the  top,  and  four  feet  at  the  bafe* 
The  height  of  this  fmall  mount  is  about  forty 
feet  ; the  diameter  of  the  bafe  is  about  as  > 
much,  and  that  of  the  opening  at  the  top  about 
twenty  feet. 

4 This  bafe  rifes  about  twenty  feet  above,  the 
fécond  bafin,  and  forms  a third  bafin,  which 
is  filled  with  a liquid  and  burning  matter,  and 
has  a perfect  refemblance  to  the  melted  metal 
in  an  iron  furnace.  This  matter  perpetually 
boils  with  great  violence.  Its  movements  have 
the  appearance  of  a lake  moderately  agitated, 
and  the  noife  it  produces  is  fimilar  to  that  of 
waves. 

4 Every  minute,  quantities  of  this  matter  are 
projected  into  the  air,  like  water  thrown  up 
by  many  jets-d’eaux.  Thefe  proje&ions  pro- 
duce the  appearance  of  burning  fheafs  of 
wheat,  which  rife  to  the  height  of  thirty  or 
forty  feet,  and  fall  back  in  various  curves, 
vol.  ix.  m 4 partly 
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c partly  into  their  own  bafin,  and  partly 
4 the  fécond,  which  is  covered  with  a black 
4 matter.  It  is  the  reflected  light  of  thefe 
4 burning  jets  which  is  feen  from  Naples  during 
4 the  night.  The  noife  they  make  in  their 
4 elevation  and  fall  feems  to  be  compbfed  of 
4 that  of  fire-works,  and  the  noife  produced 
4 by  the  waves  of  the  fea,  when  violently  dafhed 
4 againft  a rock. 

4 The  boilings  and  jets  produce  a perpetual 
4 evacuation  of  this  matter.  Through  the  aper- 
4 ture  of  four  feet,  at  the  bafe  of  the  final! 
4 mount,  a burning  rivulet  of  the  fame  dimen*- 
4 fions  with  the  aperture  continually  flows,  and 
4 defcends  in  an  inclined  canal,  and  with  a mean 
4 movement,  into  the  fécond  bafin,  where,  after 
4 dividing  into  feveral  rills,  it  flops  and  is  ex- 
4 tinguifhed. 

4 This  burning  rivulet  confifts  of  frefh  lava, 
4 which  runs  only  eight  days.  But,  if  it  con- 
4 tinues  to  augment,  it  will  in  time  produce  a 
4 new  overflowing  into  the  plain,  fimilar  to  that 
4 which  happened  two  years  ago.  The  whole 
4 is  accompanied  with  a thick  fmoke,  which  has 
4 not  the  odour  of  fulphur,  but  precifely  that 
4 which  proceeds  from  a furnace  where  tiles  are 
4 roafted. 

4 We  may,  without  danger,  go  round  the 
4 margin  of  the  crater  ; becaufe  the  little  hollow 
4 mount,  from  which  the  burning  projections 
4 are  made,  is  fufficiently  diftant  to  prevent  all 

4 appre- 
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c appreb  enfions.  We  may  a lib,  without  dan- 
4 ger,  defcend  into  the  firBbafin;  we  may  even 
4 go  upon  the  margin  of  the  fécond,  if  the  re- 
4 verberation  of  the  burning  matter  does  not 
4 prevent  us. 

4 This  was  the  real  Bate  of  Vefuvius  on  the 
4 yjth  of  July  1753.  But  it  perpetually  changes 
4 its  form  and  afpecL  It  now  throws  out  no 
4 Bones,  and  we  perceive  no  flame*.5 

Thefe  obfervations  feem  to  prove,  that  the  feat 
of  the  burning  in  this  volcano,  and  perhaps  in 
all  others,  is  at  no  great  depth  in  the  bowels  of 
the  mountain,  and  that  it  is  not  neceffary  to  fup- 
pofe  their  fires  on  a level  with,  or  lower  than 
the  fea,  and  to  make  their  explofions  from 
thence  during  the  time  of  eruptions.  It  is  Blin- 
dent that  there  are  caverns  and  perpendicular 
fiffures  below,  or  rather  at  the  fide  of  the  fire, 

which  ferve  as  ventilators  to  the  furnace  of  the 
* 

volcano. 

M.  de  la  Condamine,  who  has  had  more  op- 
portunities than  any  other  philofopher,  of  ex- 
amining a number  of  volcano’s  in  the  Corde- 
lieres,  has  like  wife  explored  that  of  Vefuvius, 
and  all  the  adjacent  territories. 

4 In  the  month  of  June  1755/  he  remarks, 
4 the  fummit  of  Vefuvius  formed  an  open  fun- 
4 nel  in  a mafs  of  afhes,  calcarious  Bones,  and 

* Note  fent  to  M.  de  RufFon  from  Naples  in  September  1753, 

M2  ' 4 fulphur, 
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fulphur,  which  burned  at  different  diftances, 
and  tinged  the  furface  with  its  colour.  The 
fire  ftreamed  through  different  crevice?,  in 
which  the  heat  was  fo  great,  that,  in  a fhort 
time,  it  inflamed  a flick  thruft  fome  feet  down 
thefe  fifiures. 

4 For  feveral  years  paft,  the  eruptions  of  this 
volcano  have  been  frequent;  and,  every  time 
flames  and  liquid  matter  were  thrown  out,  the 
mountain  underwent  confiderable  changes  both 
in  its  height  and  external  figure.  ...  In  a fmall 
plain,  on  the  fide  of  the  mountain  compofed 
of  afhes  and  ftones  projected  from  the  vol- 
cano, there  is  a breaft  of  fteep  femicircular 
rocks  of  two  hundred  feet  high,  which  bound 
this  plain  on  the  north.  We  perceived,  near 
the  crevices  recently  opened  in  the  flanks  of 
the  mountain,  the  places  through  which  the 
torrents  of  lava,  with  which  the  whole  of 
this  valley  is  filled,  had  iflued  during  the  laft 
eruption. 

4 This  fpedacle  prefents  the  appearance  of 
metallic  waves  cooled  and  congealed.  We  may 
form  an  imperfect  idea  of  it  by  imagining  a 
fea  of  thick  and  tenacious  matter,  the  waves  of 
which  had  begun  to  calm.  This  fea  has  its 
iflands  : They  are  detached  maffes,  like  hol- 
low fpongy  rocks,  whimfically  interfperfed 
with  vaults  and  grotto’s,  under  which  the 
burning  liquid  had  made  a kind  of  refervoirs 

‘ refembling 


AND  VOLCANO’S.  181 


4 refembling  furnaces.  From  thefe  grotto’s, 

4 with  their  vaults  and  pillars,  hang  numbers  of 
4 fcoriæ  in  the  form  of  irregular  grapes  of  all 
* fhades  and  colours 

4 All  the  mountains  and  coafts  in  the  envi- 
4 rons  of  Naples,  are  nothing  but  maffes  of  burnt 
4 matter  thrown  out  by  volcano’s  which  now  no 
4 longer  exift,  and  whofe  eruptions,  which  have 
4 been  anterior  to  all  hiftory,  probably  formed 
4 the  ports  of  Naples  and  Puzzoli.  The  fame 
4 matters  are  confpicuous  on  the  whole  road  from 
4 Naples  to  Rome,  and  even  at  the  port  of 
4 Rome  itfelf. 

4 The  whole  interior  part  of  Mount  Frafcati, 
4 the  chain  of  hills  which  extends  from  this  place 
4 to  Grotta-ferrata,  Caftlegandolfo,  and  as  far  as 
4 Lake  Albano,  a great  part  of  Mounts  Tivoli, 
4 Caprarola,  Viterbe,  &c.  are  compofed  of 
4 calcined  ftones,  of  pure  afhes,  of  fcoriæ,  of 
4 matter  fimilar  to  the  drofs  of  iron  and  burnt 
4 earth,  and  of  real  lava  ; laftly,  the  whole  mat- 
4 ters  refemble  thofe  of  which  the  foil  of  Portici 
4 is  compofed,  and  which  have  iffued  from  the 
4 fides  of  Vefuvius  in  fo  many  different  forms. 
4 . . . Hence  we  muff  neceffarily  conclude,  that 
4 all  this  part  of  Italy  has  been  overturned  by 
4 volcano’s.  . . . 

4 Lake  Albano,  whofe  margins  are  interfperfed 
4 with  calcined  matters,  is  nothing  but  the  mouth 

4 of  an  ancient  volcano The  chain  of 

M 3 4 Italian 
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4 Italian  volcano’s  extends  as  far  as  Sicily,  and 
4 ftill  exhibits  a number  of  fires  under  different 
4 forms  ; in  Tufcany,  we  have  the  exhalations  of 
4 Firenzuola,  and  the  warm  waters  of  Pifa  ; in 
4 the  Ecclefiaftic  ftate,  thofe  of  Viterbe,  of 
4 Norcia,  of  Nocera,  &c.‘;  in  the  kingdom  of 
4 Naples,  thofe  of  Ifchia,  Solfatara,  and  Vefu- 
4 vins  ; in  Sicily  and  the  iflands  adjacent  to  Ætna, 

4 the  volcano’s  of  Lipari,  Stromboli,  &c.  The 
4 other  volcano’s  of  this  chain  have  been  extinft 
4 from  time  immemorial,  and  have  left  fuch  re- 
4 licks  as,  though  they  do  not  always  ftrike  us 
* at  firft  fight,  fail  not  to  be  recognifable  on  an 
4 attentive  examination 

4 It  is  very  probable,’  fays  M.  l’Abbé  Mecati, 

4 that  in  pafl  ages,  the  kingdom  of  Naples,  be- 
4 iides  Vefuvius,  was  infefted  with  feveral  other 
4 volcano’s.’ 

4 Mount  Vefuvius,’  le  P.  de  la  Torre  remarks, 
4 feems  to  be  a portion  detached  from  that  chain 
4 of  mountains  which,  under  the  name  of 
4 Apennines , divides  all  Italy  through  its  whole 

4 length This  volcano  is  compofed  of 

4 three  different  mountains,  one  of  them  Ve- 
4 fuvius  properly  fo  called  ; the  other  two  are 
4 Mounts  Somma  and  Otajano.  The  two  laft 
4 are  fituated  toward  the  weft,  and  form  a kind 

* Voyage  en  Italie,  par  M.  de  la  Condamine  ; Acad,  des 
Sciences,  année  1757*  p.  37 1 — 379- 
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of  femicircle  round  Vefuvius,  with  which  they 
have  a common  bafe. 

4 This  mountain  was  formerly  furrounded 
with  fertile  fields,  and  itfelf  covered  with  trees 
and  verdure,  except  the  fummit,  which  was 
flat  and  fterile,  and  where  feveral  open  ca- 
verns were  to  be  feen.  The  top  was  furround- 
ed with  rocks,  which  rendered  it  of  difficult 
accefs.  Thefe  rocks  were  fo  high,  that  they 
concealed  the  valley  between  Vefuvius  and 
Mounts  Somma  and  Otajano.  The  fummit 
of  Vefuvius,  which  has  fince  funk  confider- 
ably,  being  then  much  more  remarkable,,  it  is 
not  furprifing  that  the  ancients  believed  it  had 
only  one  top 

4 The  breadth  of  the  valley  is  2220  Paris 
feet,  and  its  length  nearly  the  fame.  . . * 

It  inverts  one  half  of  Vefuvius,  and,  like  all 
the  fides  of  the  mountain,  it  is  covered  with 
burnt  fand  and  final!  pumice- ftones.  The 
rocks  on  Mounts  Somma  and  Otajano  exhibit 
a few  herbs,  and  the  furface  of  thefe  moun- 
tains is  covered  with  trees  and  verdure.  Thefe 
rocks,  at  firft  fight,  have  the  appearance  of 
burnt  ftones  ; but,  on  a clofer  examination, 
they  are,  like  the  rocks  of  other  mountains, 
compofed  of  ftrata  of  natural  ftones,  of  a 
chefnut  coloured  earth,  of  chalk,  and  of  white 
ftones,  which  have  not  the  fmalleft  appearance 
of  having  been  liquified  by  fire.  . . 

M 4 
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4 Round  Vefuvius  we  fee  openings  which 
4 have  been  made  at  different  times,  and  through 
4 which  lavas  had  iffued.  Thefe  torrents  of 
4 burning  matter,  which  fometimes  come  from 
4 the  Tides,  and  fometimes  from  the  top  of  the 
4 mountain,  defcend  into  the  plains,  and  fome- 
4 times  run  as  far  as  the  fea,  and  harden  like  a 
4 ftone  when  the  matter  cools.  . . . 

4 On  the  fummit  of  Vefuvius  there  is  only  a 
4 frnall  margin  of  four  or  five  palms  wide,  and 
4 defcribes  a circumference  of  5624  Paris  feet. 
4 Upon  this  margin  we  can  walk  pretty  commo- 
4 dioufly.  The  whole  of  it  is  covered  with 
4 burnt  fand,  under  which  we  find  ftones  part- 
4 ly  natural  and  partly  calcined.  . . . In 

4 two  elevations  on  this  margin,  we  find  beds 
4 of  natural  ftones  arranged  in  the  fame  man- 
4 ner  as  in  other  mountains  ; which  confutes 
4 the  notion  of  thofe  who  regard  Vefuvius  as  a 
4 mountain  gradually  raifed  above  the  plain  of 
4 the  valley.  . . 

4 The  depth  of  the  gulf  where  the  matter 
4 boils  is  about  543  feet  ; and  the  height  of  thç 
4 mountain  above  the  level  of  the  fea  is  1677 
4 feet,  which  is  one  third  of  an  Italian  mile. 

4 This  height  has  been  more  confiderable. 
4 The  eruptions  which  have  changed  the  ex- 
4 ternal  form  of  the  mountain,  have  likewife 
4 diminifhed  its  elevation  ; for  the  parts  they 

4 detached 


AND  VOLCANO’S.  185 

4 detached  from  the  fummit  rolled  into  the 
4 gulf*.’ 

From  all  thefe  examples,  if  we  confider  the 
external  figure  of  Sicily  and  other  countries  ra- 
vaged by  fire,  we  fhall  evidently  perceive  that 
no  volcano  exifls  which  is  purely  ifolated  or 
detached.  The  furface  of  thefe  countries  every 
where  prefents  a fucceffion  and  fometimes 
groups  of  volcano’s.  This  we  have  already 
feen  with  regard  to  Ætna,  and  fhall  give  a 
fécond  example  of  it  in  Hecla.  A great  part  of 
the  ifland,  like  Sicily,  is  only  a group  of  volca- 
no’s, which  I fhall  prove  by  the  following  ob- 
fervations  : 

The  whole  ifland  ought  to  be  regarded  as  a 
vaft  mountain  interfperfed  with  deep  cavities, 
concealing  in  its  bowels  great  quantities  of 
minerals,  vitrified  and  bituminous  fubftances, 
and  rifing  from  the  midft  of  the  fea  in  the  form 
of  a fhort  flattened  cone.  Its  furface  prefents 
to  the  eye  nothing  but  tops  of  mountains  cover- 
ed with  fnow  and  ice  ; and  lower  down  we 
have  the  pidture  of  confufion  and  ruin.  It 
is  an  enormous  mafs  of  ftones  and  fragments 
of  rocks,  which  are  fometimes  porous  and  half 
calcined,  and  exhibit  a hideous  appearance  by 
their  blacknefs  and  the  marks  of  fire  imprefled 
upon  them.  The  fiflures  and  hollows  of  rocks 
are  filled  with  a red,  and  fometimes  with  a black 

* Hift.  du  Mont  Vefuve,  par  le  P.  <le  la  Torre  ; Journal 
Stranger,  Janvier  1756,  /,  182 — 208. 
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or  white  fand  : But,  in  the  valleys  between  the 
mountains,  we  find  agreeable  plains  *. 

Moft  of  Jokuts,  which  are  mountains  of  a mid- 
dle height,  and  overtopped  by  others  of  a great- 
er elevation,  are  volcano’s  that  occasionally 
throw  out  flames,  and  produce  earthquakes  : 
Of  thefe  there  are  no  lefs  than  twenty  in  this 
ifland.  The  inhabitants  in  the  neighbourhood 
of  thefe  mountains  have  learned  by  experience 
and  obfervation,  that,  when  the  ice  and  fnow 
rife  to  a confiderable  height,  and  flop  the 
mouths  of  thefe  cavities,  which  formerly  dis- 
charged flames,  earthquakes  are  about  to  hap- 
pen, which  are  always  fucceeded  by  eruptions 
of  fire.  It  is  for  this  reafon  that  the  Icelanders 
are  at  prefent  afraid  left  the  Jokuts,  which,  in 
the  year  1728,  threw  out  flames  in  the  canton 
of  Skaftfield,  fhould  foon  be  again  inflamed  ; 
the  ice  and  fnow  being  accumulated  on  their 
Summits,  and  appearing  to  obftrudt  thofe  vents 
which  favoured  the  exhalations  of  the  Subterra- 
neous fires. 

In  1721,  the  Jokut  called  Koëtlegan,  about 
five  or  fix  leagues  to  the  weft  of  the  fea,  near 
the  Bay  of  Portland,  broke  out  into  flames,  af- 
ter Several  fuccuflions  of  the  earth.  This  con- 
flagration melted  mafles  of  ice  of  an  enormous 
thicknefs,  and  gave  rife  to  impetuous  torrents, 
which  deluged  the  country,  and  carried  down 

* Introd.  a PHift,  du  Denemark. 
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to  the  fea  prodigious  quantities  of  earth,  fand, 
and  ftones.  The  folid  mafies  of  ice,  and  the 
immenfe  quantity  of  earth,  ftones,  and  fand? 
tranfported  by  the  inundation,  fo  loaded  the 
fea,  that,  at  half  a mile  from  the  coaft,  a fmall 
mountain  was  formed,  which  ftill  appeared 
above  the  fea  in  the  year  1750.  We  may 
form  fome  idea  of  the  quantity  of  matter  carried 
down  to  the  fea  by  this  inundation,  when  we 
confider  that  it  was  obliged  to  retreat  twelve 
miles  beyond  its  former  limits. 

The  inundation  continued  three  days  ; and 
it  was  not  till  after  this  period  that  a perfon 
could  pafs  on  foot  to  the  mountains.  . 

Hecla,  which  has  always  been  regarded  as 
one  of  the  moft  famous  volcano’s  in  the  uni- 
verfe,  on  account  of  its  tremendous  eruptions, 
is  now  one  of  the  leaft  dangerous  in  the  ifland. 
Mounts  Koëtlegan  and  Krafle  have  recently 
made  as  great  ravages  as  Hecla  did  of  old.  It 
has  been  remarked,  that  this  laft  volcano  has 
thrown  out  flames  ten  times  only  in  the  fpace 
of  eight  hundred  years,  namely,  in  the  years 
1104, 1157, 1222, 1300, 1341, 1362, 1389, 
1558,  163 6,  and,  laftly,  in  the  year  1693. 
This  eruption  commenced  on  the  13th  of  Fe- 
bruary, and  continued  to  the  month  of  Auguft 
following.  All  the  other  eruptions  lafted  a 
few  months  only.  From  the  above  dates  it 
appears,  that  Hecla  made  its  greateft  ravages 
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in  the  fourteenth  century,  having  undergone  no 
lefs  than  four  eruptions  ; that  it  remained  per- 
fectly tranquil  during  the  15th  century;  and 
that  it  threw  out  no  fire  for  one  hundred  and 
fixty  years.  From  this  period,  there  was  one 
eruption  only  in  the  fifteenth,  and  two  in  the 
feventeenth  century.  We  now  perceive  in  this 
volcano  neither  fire,  nor  fmoke,  nor  exhala- 
tions of  any  kind.  We  only  find,  in  fome  fmall 
hollows,  as  is  common  in  many  other  parts 
of  the  ifland,  boiling  water,  flones,  fand,  and 
afhes. 

In  1726,  after  a few  fuccuffions  of  the  earth, 
which  were  felt  only  in  the  northern  cantons. 
Mount  Krafle  began  to  throw  out,  with  a dread- 
ful noife,  fmoke,  flames,  afhes,  and  ftones.  This 
eruption  continued  two  or  three  years,  without 
doing  any  damage  ; becaufe  the  whole  rejected 
matter  fell  back  upon  the  mountain,  or  round 
its  bafe. 

In  1728,  the  fire  communicated  with  fome 
mountains  fituated  near  Krafle,  which  burnt 
during  feveral  weeks.  When  the  minerals  they 
contained  were  melted,  a river  of  fire  ran  gently 
toward  the  fouth  into  the  country  below  thefe 
mountains.  This  river  threw  itfelf  into  a lake 
about  three  leagues  from  Mount  Krafle,  and, 
by  the  fhock  of  the  water,  produced  a horrible 
noife,  and  clouds  of  vapours.  The  running  of 
the  lava  did  not  ceafe  till  1729,  when  the  mat- 
ter 
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ter  which  formed  it  was  probably  exhaufted. 
The  lake  was  filled  with  an  immenfe  quantity 
of  calcined  {tones,  which  raifed  its  water  confi- 
derably.  It  is  about  twenty  leagues  in  circum- 
ference, and  fituated  at  an  equal  diftance  from 
the  fea.  We  {hall  not  take  notice  of  the  other 
volcano’s  in  this  ifland  ; it  is  fufficient  that  we 
have  mentioned  the  mo  ft  confiderable  of  them 
From  this  defcription  we  perceive,  that  the 
Jokuts  of  Hecla  greatly  referable  the  fecondary 
volcano’s  of  Ætna  ; that,  in  both,  the  higheft 
fummit  is  tranquil  ; that  the  fummit  ofVefuvius 
is  much  funk  ; and  that  probably  thofe  of  Ætna 
and  Hecla  were  formerly  higher  than  they  are 
at  prefent. 

Though  the  topography  of  volcano’s  in  other 
parts  of  the  world  is  not  fo  well  knowm  as  that 
of  thofe  in  Europe,  we  may,  neverthelefs,  pre- 
fume, from  analogy,  and  the  fimilarity  of  their 
effects,  that  they  referable  each  other  in  every 
refped:.  They  are  all  fituated  in  iflands,  or  up- 
on the  coafts  of  continents.  Almoft  the  whole 
of  them  are  furrounded  with  fecondary  tol- 
cano’s.  Some  of  them  are  a£tive,  and  others 
extinguifhed  or  quiet.  The  number  of  the  lat- 
ter is  greater,  even  in  the  Cordelieres,  which  ap- 
pear to  be  the  mo  ft  ancient  domain  of  volcano’s. 
In  the  fouth  of  Afia,  the  iflands  of  Sonde,  the 
Moluccas,  and  Philippines,  bear  evident  marks  of 

* Hift.  Gen.  des  Voyages,  tom.  xviii.  p.  9,  10,  11. 
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deftrudion  by  fire,  and  are  ftill  infefted  with 
volcano’s.  They  are  likewife  very  frequent  in 
the  ifland  of  Japan  : This  country  is  alfo  more 
fubjed  to  earthquakes  than  any  other  part  of 
the  globe.  In  many  places  of  Japan  there  are 
hot  fountains.  Molt  of  the  Indian  iflands,  and 
all  the  feas  of  thefe  eaftern  regions,  prelent  to 
our  eyes  nothing  but  peaks  and  detached  fum- 
tnits,  which  vomit  out  fire,  and  deep  indented 
coafts,  the  relicks  of  ancient  continents  which 
are  now  no  more.  Here  the  mariner  often 
meets  with  ports  which  daily  fink  ; and  even 
whole  iflands  have  been  known  to  difappear, 
and  to  be  fwallowed  up,  with  their  volcano’s, 
by  the  waters.  The  feas  in  China  are  warm, 
which  is  a proof  that  there  is  a great  efferve- 
fcence  in  the  maritime  bafins  of  this  region. 
The  hurricanes  are  tremendous,  and  water- 
fpouts  are  frequent.  The  tempefts  are  always 
preceded  by  general  and  perceptible  boilings  of 
the  waters,  and  by  various  meteors  and  other 
exhalations  with  which  the  atmofphere  is 
leaded. 

The  volcano  of  Tenerilf  has  been  explored 
by  Dr.  Thomas  Heberden,  who  refided  feveral 
years  in  the  village  of  Oratava,  which  is  fituated 
at  the  foot  of  the  Peak.  In  his  way  he  found 
large  ftones  difpofed  on  all  fides  at  feveral 
leagues  from  the  top  of  the  mountain.  Some  of 
them  appeared  to  be  entire,  and  others  feemed 

to 
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to  have  been  burnt,  and  thrown  to  this  diftance 
by  the  volcano.  In  afcending  the  mountain,  he 
ftill  law  burnt  rocks  fcattered  about  in  large 
maffes. 

4 We  arrived,’  Dr.  Heberden  remarks,  4 at 
4 the  famous  grotto  of  Zegds,  which  is  furround- 
4 ed  on  all  fides  with  enormous  maffes  of  burnt 
4 rocks 

4 A quarter  of  a league  higher,  we  met  with 
4 a fandy  plain,  in  the  middle  of  which  there  is 
4 a pyramid  of  fand,  or  yellowifh  afhes,  called 
« the  Sugar  Loaf \ Round  its  bafe,  fuliginous 
c vapours  perpetually  arife.  From  thence  to  the, 
4 fum mit,  the  diftance  might  be  half  a quarter  of 
4 a league.  But  the  afcent  is  too  difficult,  on 
4 account  of  its  fteepnefs  and  the  bad  footing.  . • 

4 However,  we  reached  what  is  called  the 
4 Cauldron , which  is  twelve  or  fifteen  feet  deep. 

4 Its  fides  taper  to  the  bottom,  and  form  a cavity 
4 which  refembles  a reverfed  cone.  . . . Here 
4 the  ground  is  very  warm  ; and,  from  about 
4 twenty  tubes  or  chimneys,  a thick  fulphureous 
4 vapour  arifes.  The  whole  ground  feems  to  be 
4 mixed  with  fulphur,  which  gives  the  furface 

4 a brilliant  appearance 

4 Upon  almoft  all  the  ftones  in  the  neigh- 
4 bourhood,  we  perceive  a greenifh  colour,  in- 
4 termixed  with  yellow  like  gold.  A fmall  part 
4 of  this  fugar-loaf  is  as  white  as  chalk  ; and  an- 
7 4 other 
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4 other  part,  ftill  lower,  refembles  red  clay  co- 
4 vered  with  fait 

4 In  the  middle  of  another  rock,  we  difcovered 
4 a hole,  which  exceeded  not  two  inches  in  dia- 
4 meter,  from  whence  proceeded  a noife  fimilar 
4 to  that  of  a confiderable  quantity  of  water  boil— 
4 ing  over  a great  fire 

The  Azores,  the  Canaries,  the  iflands  of  Cape 
Verd,  Afcenfion  Ifland,  and  the  Antilles,  which 
appear  to  be  the  relicks  of  ancient  continents 
that  united  the  Old  Continent  with  America, 
offer  nothing  to  our  obfervation  but  burnt  lands, 
or  lands  which  ftill  continue  to  burn.  The  vol- 
cano’s formerly  lunk  under  the  waters  with  the 
countries  which  fupported  them,  excite  fuch 
terrible  tempefts,  that,  in  one  of  thefe  ftorms 
which  happened  at  the  Azores,  the  fuet  fixed  to 
the  end  of  the  plumb-line  melted  by  the  heat 
at  the  bottom  of  the  fea. 


III. 

Of  extlnguijhed  Volcano’s. 

THE  number  of  extinguifhed  volcano’s  ex- 
ceeds incomparably  that  of  thofe  which  are  aâive. 

* Obfervations  on  the  Peak  of  Teneriff  by  Dr.  Heberden. 
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They  are  very  numerous  in  almoft  every  part 
of  the  earth.  I might  mention  thofe  remarked 
by  M.  de  la  Condamine  in  the  Cordelieres,  and 
by  M.  Frenaye  in  St.  Domingo*,  near  Port-au- 
Prince,  and  thofe  of  Japan  and  the  other  eaftern 
and  fouthern  iilands  of  Afia,the  whole  of  which 
countries  have  been  formerly  ravaged  by  fire. 
But  I fhall  limit  myfelf  to  the  extinguifhed  vol- 
cano’s of  the  ifles  of  France  and  Bourbon,  which 
have  been  recognifed  by  fome  enlightened 
voyagers. 

4 The  foil  of  the  ifle  of  France,’  fays  M.  l’Ab- 
bé cle  la  Caille,  4 is  covered  with  a prodigious 
4 number  of  {tones  of  all  fizes,  which  are  of  a 
4 blackifh  afh-colour.  Many  of  them  are  full 
4 of  holes,  like  a fieve.  Moll  of  them  contain  a 
4 great  quantity  of  iron;  and  the  furface  of  the 
4 earth  is  covered  with  the  ore  of  this  metal. 

4 We  likewife  find,  efpecially  on  the  north  coaffc 
4 of  the  ifland,  a great  many  pumice-ftones,  lavas, 

4 or  refufe  of  iron,  profound  grottos,  and  other 
4 manifeft  veftiges  of  extinguifhed  volcano’s.  . . 

4 The  ifle  of  Bourbon,’  continues  M.  l’Abbé  de 
la  Caille,  4 though  larger  than  the  ifle  of  France, 

4 is  only  a large  mountain,  fplit  as  it  were  from 
4 its  fummit  into  three  different  parts.  Its  top  is 
4 covered  with  wood,  and  inhabited;  and  twro 
4 thirds  of  its  declivity,  which  extends  as  far  as 

* Note  communicated  to  M.  de  BufFon,  by  M.  Frenaye, 
March  10,  1777. 
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4 the  fea,  are  cleared  and  cultivated.  The  reft 

* is  covered  with  the  lavas  of  a volcano,  which 

4 burns  flowly,  and  without  any  noife.  It  feems 
4 not  to  burn  much,  except  during  the  rainy 
4 feafons 

4 Afcenfion  Ifland  has  vifibly  been  formed 

* and  burnt  by  a volcano.  It  is  covered  with 
4 a red  earth,  fimilar  to  brick-duft  or  burnt 

* clay The  ifland  is  compofed  of  feveral 

* mountains  from  too  to  150  fathoms  high. 

* There  is  one  ftiil  larger  to  the  fouth  of  the 

* ifland,  which  is  about  400  fathoms  in  height. . . 

4 Its  fummit  is  double  and  lengthened  : But  all 

* the  others  are  pretty  perfeâ  cones,  and  cover- 

* ed  with  red  earth.  The  land  and  part  of  the 
4 mountains  are  interfperfed  with  prodigious 
4 quantities  of  rocks  full  of  holes,  like  fieves,  and 
4 with  very  light  calcarious  ftones,  a number  of 
4 which  refembled  coagulated  milk  ; fome  of 
4 them  were  laid  over  with  a dirty  white  varnifh 
4 approaching  to  green.  Pumice-ftones  are  like- 
4 wife  very  frequent*.’ 

The  celebrated  Captain  Cook  remarks,  that, 
in  an  excurfion  to  the  interior  parts  of  Otaheite, 
they  found  burnt  rocks,  like  thofe  of  Madeira; 
that  all  the  ftones  bore  inconteftible  marks  of  fire; 
that  they  likewife  perceived  traces  of  fire  in  the 
clay  upon  the  hills;  and  that  Otaheite  and  a 

* Mem.  de  TAcad.  des  Sciences,  année  1754*  p.  in.  121. 
and  i zfe. 
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number  of  adjacent  iflands  might  befuppofed  to 
be  the  relicks  of  a continent  which  had  been  fw al- 
lowed by  the  explofions  of  fubterraneous  fire*. 
Philip  Carteret  tells  us,  that  one  of  the  Char- 
lotte iflands,  fituated  in  the  1 1°  io''  of  fouth  lati- 
tude, is  of  a prodigious  height  and  a conical 
figure;  that  its  fummit  is  like  a funnel,  from 
which  fmoke  iflues,  but  no  flames  ; and  that, 
on  the  moft  fouthern  coaft  of  New  Britain,  there 
are  three  mountains,  from  one  of  which  pro- 
ceeds a large  column  of  fmoke  j\ 

We  find  bafalts  in  the  ifle  of  Bourbon,  where 
the  volcano,  though  feeble,  ftill  ads;  in  the  ifle 
of  France,  where  all  the  fires  are  extind;  and 
in  Madagafcar,  where  there  are  both  adive  and 
extinguifhed  volcano’s.  But,  to  mention  no 
other  bafalts  but  thofe  of  Europe,  we  know  that 
there  are  confiderable  mafles  of  them  in  Ireland, 
in  Britain,  in  Auvergne,  upon  the  borders  of  the 
Elbe,  in  Mifnia  upon  Mount  Cattener,  at  Ma- 
ri enburg,  at  Weilbourg  in  the  county  of  Naflau, 
at  Lauterback,  at  Biliftein,  in  feveral  parts  of 
Hefle,  in  Luface,  in  Bohemia,  &c.  Thefe  bafalts 
are  moft  beautiful  lavas  produced,  in  all  thefe 
countries,  by  volcano’s  which  are  now  extind* 
But  we  (hall  content  ourfelves  with  abridged  de- 
fcriptions  of  extinguifhed  volcano’s  in  France. 

* Cook’s  Voyage,  tom.  ii.  p.  431. 

f Carteret’s  Voyage,  p.  250  and  275. 
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1 The  mountains  of  Auvergne,’  fays  M.  Guet- 
tard,  4 which  have  formerly,  in  my  eftimation, 
4 been  volcano’s  ....  are  thofe  of  Volvic  two 
4 leagues  from  Riom,of  Puy-de-dome  nearCher- 
* mont,  and  of  Mount  Or,  The  volcano  of  Vol- 
4 vie  has  formed,  by  its  different  lavas,  ftrata  lying 
c upon  each  other,  and  compofing  enormous 
4 maffes,  in  which  quarries  are  dug,  and  furnifh 

4 ftones  to  feveral  places  at  a diftance It 

4 was  at  Moulins  where  I firft  difeovered  lava  ; . . 
4 and  being  at  Volvic,  I perceived  that  the 
4 mountain  was  almoft  entirely  compofed  of 
4 matters  which  had  been  thrown  out  by  the 
4 eruptions  of  volcano’s. 

4 The  figure  of  this  mountain  is  conical,  and 
4 its  bafe  confifts  of  rocks  of  a grayifh  white  gra- 
4 nite,  or  of  the  colour  of  a pale  rofe.  . . . The 
c reft  of  the  mountain  is  compofed  entirely  of 
4 blackifti  or  reddifti  pumice-ftones,  heaped  upon 

4 each  other  without  order  or  connection 

c About  two  thirds  up  the  mountain,  we  meet 
4 with  irregular  rocks,  briftled  with  mifhapen 
4 points  turned  to  all  fides,  and  of  an  obfeure  red 
4 or  dirty  black.  They  are  folid  and  hard,  and 
4 have  no  holes,  like  the  pumice-ftones.  . Before 
4 arriving  at  the  fummit,  we  find  a hole  of  fome 
4 fathoms  wide,  and  of  a conical  figure,  approach- 

4 ing  to  that  of  a funnel The  part  of  the 

4 mountain  to  the  north  and  eaft,  appeared  to  be 

4 folely  compofed  of  pumice-ftones In 

4 Volvic* 
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Volvic,  the  beds  of  ftone  follow  the  inclination 
of  the  mountain,  and  feem  to  be  continued 
through  it,  and  to  communicate  with  thofe  dif- 
covered  by  the  ravines  a little  below  the  fum- 
mit.  . . Thefe  ftones  are  of  an  iron  gray  co- 
lour, and  feem  to  have  a white  grain,  which 
comes  out  on  the  furface  like  an  effiorefcence  : 
Though  fpongy,  and  full  of  fmall  irregular 
holes,  they  are  hard. 

4 Mount  Puy- de-dome  is  nothing  but  a mafs 
of  matter  which  indicates  the  dreadful  effeâs 
of  the  mod  violent  fire.  ...  In  thofe  places 
of  the  mountain  which  are  not  covered  with 
plants  and  trees,  we  travel  among  pumice^ 
ftones,  pieces  of  lava,  and  a gravel  or  fand, 
formed  by  a kind  of  iron  drofs  and  fmall  bits 
of  pumice-ftones  mixed  with  afhes. 

4 Thefe  mountains  exhibit  feveral  peaks,  and 
all  of  them  have  cavities  or  funnels  of  greater 
or  fmaller  dimenfions.  One  of  thefe  peaks,  the 
road  which  leads  to  it,  and  the  whole  fpace  as 
far  as  Puy-de-dome,  are  only  vaft  heaps  of 
pumice-ftones.  The  fame  obfervation  is  ap- 
plicable to  the  other  peaks,  which  are  fifteen 
or  fixteen  in  number,  fituated  in  the  fame  line 
from  fouth  to  north,  and  all  of  them  furnifhed 
with  funnels. 

4 The  top  of  the  peak  of  Mount  Or  is  a rock 
compofed  of  a tender  whitifh  alh-coloured 
ftone,  fimilar  to  that  on  the  fummits  of  all  the 
n 3 4 mountains 
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4 mountains  in  this  volcanic  country  : It  is  only 
* a little’ lighter  than  that  of  Puy-de-dôme. 

4 If  I found  not  on  this  mountain  as  many 
4 veftiges  of  a volcano  as  in  the  other  two,  it 
4 muft  be  partly  afcribed  to  this  circumftance, 

4 that  Mount  Or  is  more  covered,  through  its 
4 whole  extent,  with  trees  and  flirubs,  than 
4 Mounts  Volvic  and  Puy-de-dôme.  . . . How- 
4 ever,  the  fouth-eaft  part  is  entirely  bare,  and 
4 entirely  compcfed  of  ftones  and  rocks,  which 
4 feem  to  have  been  exempted  from  the  effects 
4 of  the  fire 

4 But  the  peak  of  Mount  Or  is  a cone  fimilar 
4 to  thofe  of  Volvic  and  Puy-de-dome.  To  the 
4 eaft  of  this  point  is  the  Peak  du  Capuchin, 

4 which  is  like  wife  conical,  but  not  fo  regular  as 
4 thofe  of  the  preceding  mountains.  It  even 
4 appears  that  this  peak  has  undergone  more 
4 changes  in  its  ftxuâure;  for  every  thing  is  more 
4 irregular,  and  broken  into  fmaller  portions.  . . . 

4 There  are  ftill  feveral  other  peaks,  the  bafes  of 
4 which  reft  upon  the  ridge  of  the  mountain  ; but 
4 they  are  ail  overtopped  by  Mount  Or,  which 
4 is  509  fathoms  high.  . . . The  peak  of  Mount 
4 Or  is  very  rugged  : It  terminates  in  a point 
4 about  fifteen  or  twenty  feet  in  diameter.  . , . 

4 There  are  feveral  conical  mountains  between 
4 Thiers  and  Saint  Chaumont,  which  led  me  to 
4 think/  fays  M.  Guettard,  4 that  they  might 
4 have  been  burnt.  . . . Though  I have  never 

4 been 
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4 been  at  Fontgibault,  I have  fufficient  proofs  to 
4 convince  me  that  the  mountains  of  this  canton 
4 are  extinguiffied  volcano’s  ; I have  received 
4 fragments  of  lava  from  them,  which  it  was 
4 eafy  to  recognife  by  the  yellow  and  blackiffi 
4 points  of  vitrified  matter,  which  are  the  moft 
4 certain  chara&eriftics  of  volcanic  produc- 
4 tions 

The  fame  M.  Guettard  and  M.  Faujas  have 
found  on  the  left  bank  of  the  Rhone,  and  a 
good  way  into  the  country,  very  large  fragments 
of  bafaltic  columns.  ...  In  afcending  into  the 
Vivarais,  they  found  in  a rapid  brook  a vaft 
colle&ion  of  volcanic  matter,  which  they  fol- 
lowed to  its  fource.  It  was  not  difficult  to  re- 
cognife the  volcano.  It  is  a very  high  moun- 
tain, on  the  top  of  which  they  found  a mouth 
of  about  8o  feet  in  diameter.  Below  this  mouth 
the  lava  is  partly  vifible.  It  has  flowed  down 
the  ravines  in  great  mafles,  for  the  fpace  of  feven 
or  eight  thoufand  fathoms.  The  matter  has 
heaped  together  while  yet  burning  in  certain 
places  ; and,  after  fixing,  it  chapped  and  fplit 
through  its  whole  thicknefs,  and  left  the  whole 
plain  covered  with  innumerable  columns,  from 
fifteen  to  thirty  feet  long  by  about  feven  inches 
in  diameter  f. 

* Mem.  de  PAcad.  des  Sciences,  année  1752,  p.  27 — 58. 

f Journal  de  Phyfiques,  par  M.  PAbbé  JRozier  ; Mois  de  Dé- 
cembre 1775,  p.  516. 
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4 Having  proceeded  to  Montferrier,’  fay$ 
M.  Montet,  4 a village  about  a league  diftant 
4 from  Montpelier  ....  I found  a number 

* of  black  (tones,  detached  from  each  other,  and 

4 of  different  figures  and  fizes I compared 

4 them  with  others  which  were  unqueftion- 
4 ably  the  production  of  volcano’s, . . . and  found 
4 them  to  be  of  the  fame  nature.  Hence  I no 
4 longer  doubted  that  thefe  (tones  of  Montferrier 
4 were  a very  hard  lava,  or  a matter  melted  by 
4 a volcano,  which  had  long  been  extinguifhed. 
4 The  whole  mountain  of  Montferrier  is  inter- 
4 fperfed  with  thefe  (tones,  and  the  (treets  are 
4 paved  and  the  village  partly  built  with  them. 

* . , . The  furfaces  of  thefe  (tones  are,  in  ge~ 
4 neral,  full  of  holes  or  porofities,  which  fufi- 
4 ficiently  indicate  that  they  have  been  formed 

* of  matter  melted  by  a volcano.  This  lava  is 
4 difperfed  over  all  the  grounds  adjacent  to  Mont*- 
4 ferrier.  . . . 

4 On  the  fide  of  Pe'zenas,  extinguifhed  vol- 

4 cano’s  are  very  numerous The  whole 

4 country  is  full  of  them,  efpecially  from  Cap 
4 d’Agde,  which  itfelf  is  an  extinguifhed  vol- 
4 cano,  to  the  foot  of  that  chain  of  mountains 
4 that  commences  five  leagues  to  the  north  of 
4 this  coaft,  and  upon  their  declivity,  or  at  a 
4 little  di fiance  from  them,  are  fituated  the  vil- 
4 lages  of  Livran,  Peret,  Fontes,  Ne'fiez,  Gabi- 
4 an,  and  Fauge'res.  In  going  from  fouth  to 

4 north, 
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c north,  we  find  a remarkable  plinth  or  chaplet, 
4 which  begins  at  Cap  d’Agde,  and  comprehends 
4 Mount  Saint-Thibery  and  Caufle  (mountains 
4 fituated  in  the  middle  of  the  plains  of  Breflan), 
4 the  peak  of  Valros  in  the  territory  of  this  vil- 
4 lage,  the  peak  of  Montredon  in  the  territory 
4 of  Tourbes,  and  that  of  Saint-Marthe,  near 
4 the  royal  priory  of  Caffan.  Befides,  from  the 
4 foot  of  the  mountain,  a great  and  long  mafs 
4 arifes,  and  terminates  to  the  fouth  near  the 
4 Grange  of  Pre's,  and  from  eaft  to  weft  between 
4 the  village  of  Caus  and  that  of  Nizas.  ...  It 
4 is  to  be  remarked  of  this  canton,  that  it  con- 
4 fifts  of  almoft  nothing  but  a mafs  of  lava,  and 
4 that  in  the  middle  of  it  there  is  a round  mouth 
4 or  diftindt  crater  about  200  fathoms  in  diame- 
4 ter,  which  formed  a pond  that  has  fince  been 
4 drained  by  a deep  cut  through  the  hard  lava, 
4 which  is  difpofed  into  ftrata,  or  rather  conti- 
4 guous  undulations 

4 In  all  thefe  places  we  find  lava  and  pumice- 
4 ftones.  Almoft  the  whole  village  of  Pezenas 
4 is  paved  with  lava.  The  rock  of  Agde  is  no- 
4 thing  but  a hard  lava,  and  the  whole  of  this 
4 village  is  built  and  paved  with  this  lava,  which 

4 is  very  black Almoft  the  whole  territory 

4 of  Gabian,  in  which  is  the  famous  fountain  of 
4 Petroleum,  is  beftrewed  with  lava  and  pumice- 
4 ftones. 

4 We  like  wife  find  at  Caufle,  Bafan,  and 

4 Saint- 
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4 Saint-Thibery,  a confiderable  quantity  of  ba- 
4 faits,  which  are  commonly  prifms  with  fix 
4 fides,  and  from  ten  to  fourteen  feet  in  length. 
4 Thefe  ba faits  are  found  in  a place  where  the 
4 veftiges  of  an  ancient  volcano  are  no  longer 
4 recognifable. 

* The  baths  of  Balaruc  every  where  prefent 
4 us  with  relicks  of  an  extineuifhed  volcano. 
4 The  ftones  found  there  are  nothing  but  pu- 
4 miees  of  different  fizes.  . . . 

4 In  all  the  volcano’s  I examined,  I remarked, 
4 that  the  matter  or  ftones  thrown  out  are  of  va- 
4 rious  figures.  Some  of  them  are  in  large, 
4 heavy,  and  hard  maffes,  like  the  rock  of  Agde  : 
4 Others,  like  thofe  of  Montferrier  and  the  lava 
4 of  Tourbes,  are  in  detached  pieces  of  confide- 
4 rable  weight  and  hardnefs 

M.  Villet,  of  the  academy  of  Marfeiiles,  has 
tranfmitted  to  the  king’s  cabinet  fome  fpecimens 
of  lava  and  other  matters  found  in  the  extin- 
guifned  volcano’s  of  Provence  ; and  he  writes 
me,  that,  a league  from  Toulon,  there  are  evi- 
dent veftiges  of  an  ancient  volcano  ; and  that, 
having  defcended  a ravine  to  the  foot  of  this  old 
volcano  of  Mount  d’Ollioules,  he  was  ftruck 
with  the  appearance  of  a detached  rock  which 
had  come  down  from  the  mountain.  It  was 
calcined  ; and,  having  broke  off  fome  pieces,  he 


* Mem.  de  l’Acad.  des  Sciences,  année  1760,  p.  466— 
473- 
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found  in  the  heart  fome  fulphureous  particles  fo 
ftrongly  marked,  that  he  no  longer  doubted  the 
ancient  exiftence  of  thefe  volcano’s  which  are 
now  extind  ** 

M.  Valmont  de  Bomare  has  obferved,  in  the 
territory  of  Cologne,  the  veftiges  of  feveral  ex- 
tinguifhed  volcano’s. 

I could  give  many  other  examples,  which  all 
concur  in  proving,  that  the  number  of  extin- 
guifhed  volcano’s  is  perhaps  a hundred  times 
greater  than  that  of  thofe  now  adually  ex- 
ifting.  1 mu  ft  here  remark,  that,  between  thefe 
two,  there  are,  as  in  all  the  other  operations  of 
Nature,  intermediate  ftates,  degrees,  and  fhades, 
of  which  we  can  only  lay  hold  of  the  principal 
traits.  For  example,  the  Solfataras  are  neither 
adive  nor  extinguilhed  volcano’s,  but  feem  to 
participate  of  both.  Thefe  no  man  has  better 
defcribed  than  one  of  our  learned  academicians, 
M.  Fougeroux  de  Bondaroy  ; I fhall,  therefore, 
lay  before  the  reader  his  chief  obfervations  : 

c Solfatara,  fituated  four  miles  weft  from 
4 Naples,  and  two  miles  from  the  fea,  is  fur- 
c rounded  on  all  fides  with  mountains.  Before 
c arriving  at  it,  we  mu  ft  afcend  about  half  an 
c hour.  The  fpace  comprifed  between  the  moun- 
* tains  forms  a bafin  of  about  1200  feet  in  length 

* Lettre  de  M.  Villet  a M.  dé  Buffon  j Marfeille , le  S 
Mai  1775. 
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4 by  800  feet  broad.  With  regard  to  the  moun- 
4 tains,  it  lies  in  a bottom  ; but  it  is  not  fo  low 
4 as  the  ground  you  traverfe  in  going  to  it. 
4 The  foil  in  the  bottom  of  the  balm  is  a very 
4 fine,  clofe,  beaten  fand,  and  it  is  fo  dry  and 
4 parched  that  it  produces  no  vegetables.  The 
4 colour  of  the  fand  is  yellowifh.  . * . The  ful- 
4 phur,  which  is  found  in  great  quantities  among 
4 the  fand,  gives  it  this  colour.  The  mountains 
4 which  bound  the  greatefl  part  of  the  bafin 
4 confifl  of  bare  rocks,  without  earth  or  plants, 
4 Some  of  them  are  fplit,  and  their  parts  are 
4 burnt  and  calcined  ; but  the  whole  prefent  no 

4 arrangement  or  order  in  their  pofition 

4 They  are  covered  with  greater  or  fmaller  quan- 
4 titles  of  fulphur,  which  is  fublimed  in  this  part 
4 of  the  mountain  and  in  the  neighbouring  bafin. 

4 The  oppofite  fide  confifls  of  a better  foil.  . . 
4 Neither  does  it  prefent  furnaces  fimilar  to  thofe 
4 formerly  mentioned,  and  which  are  common 
4 on  the  other  fide. 

4 In  feveral  places,  we  find,  in  the  bottom  of 
4 the  bafin,  apertures  or  mouths,  from  which 
4 ifliies  fmoke,  accompanied  with  a heat  that 
4 would  burn  the  hands  fmartly  ; but  it  is  not 
4 flrong  enough  to  kindle  paper.  . . . 

4 The  adjacent  places  produce  a heat  which 
4 is  felt  through  the  fhoes,  and  a difagreeable 
4 odour  of  fulphur  exhales  from  them.  . . When 
4 a fharp  pointed  flick  is  thrufl  into  the  ground, 

4 there 
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there  foon  iflfues  a vapour  or  fmoke,  fimilar  to 
that  which  exhales  from  the  natural  crevices. 

4 Through  thefe  apertures,  a fmall  quantity  of 
fulphur  is  fublimed,  together  with  a fait  which 
has  all  the  characters  of  fal  ammoniac. 

4 On  feveral  ftones  which  furround  Solfatara, 
we  find  threads  of  allum.  . . . Laftly,  fulphur 
is  collected  from  Solfatara.  . . . This  fubftance 
is  extracted  from  grayifh  ftones,  interfperfed 
with  fhining  particles,  which  are  fulphur  cryf- 
tallized  between  the  ftony  particles.  . . Thefe 
ftones  are  fometimes  impregnated  with  allum. 

4 By  ftriking  the  middle  of  the  bafin  with  our 
foot,  we  eafily  perceive  that  the  ground  is  hol- 
low below. 

4 If  we  traverfe  the  fide  of  the  mountain, 
where  the  mines  are  mod  numerous,  we  find 
lavas,  pumice-ftones,  the  drofs  of  volcano’s,  &c. 
In  a word,  the  whole  appearances,  when  com- 
pared with  the  matters  at  prefent  furnifhed  by 
Vefuvius,  demonftrate  that  Solfatara  was  for- 
merly the  mouth  of  a volcano.  . . . 

4 The  bafin  of  Solfatara  has  often  changed  its 
form  ; and  we  may  conjecture  that  it  will  ftill 
afliime  others.  This  territory  daily  hollows 
and  undermines  itfelf.  It  at  prefent  forms  a 
vault  which  covers  an  abyfs.  ...  If  this  vault 
finks,  the  abyfs  will  probably  fill  with  water 
and  produce  a lake 

& Mem.  de  P Acad,  des  Sciences,  année  1765,  p.  267 — 283. 

M.  Fou- 
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M.  Fougeroux  de  Bonderoy  has  likewife  made 
fome  obfervations  on  Solfataras  in  other  parts  of 
Italy. 

4 I have  been,’  fays  he,  4 at  the  fource  of  a 
4 rivulet,  which  we  pafs  in  the  road  between 
4 Rome  and  Tivoli,  the  water  of  which  has  a 
4 ftrong  odour  of  liver  and  of  fulphur.  .... 

4 It  forms  two  fmall  lakes,  about  forty  fathoms 
4 in  their  greateft  extent.  . . 

4 One  of  thefe  lakes,  according  to  the  plumb- 
4 line  we  were  obliged  to  ufe,  was,  in  different 
4 places,  6o,  70,  and  80  fathoms  deep.  . . In 
4 thefe  lakes  we  faw  feveral  floating  iflands, 

4 which  fometimes  change  their  fituation.  ■*.  . . 

4 They  are  compofed  of  plants  reduced  into  a 
4 kind  of  light  turf,  upon  which  the  waters, 

4 though  corrofive,  have  no  effect.  . . . 

4 The  heat  of  thefe  waters  was  20  degrees, 
4 when  the  thermometer  in  the  open  air  flood  at 
4 18  degrees.  Thus  it  appears  from  experiment, 
4 that  the  heat  of  thefe  waters  is  inconfiderable.  . 

4 They  exhale  a difagreeable  odour  ; and  this 
4 vapour  changes  the  colour  of  vegetables  and 
4 of  copper 

4 The  Solfatara  of  Viterbe,’  M.  l’Abbé  Ma- 
zeas  remarks,  4 has  a mouth  of  from  three 
4 to  four  feet  only.  Its  waters  boil,  exhale  an 
4 odour  of  the  liver  of  fulphur,  and  petrify 
4 their  canals,  like  thofe  of  Tivoli.  . . The  de- 

* Mem.  de  l’Acad.  des  Sciences,  année  1770,  p.  1 — 7* 
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gree  of  their  heat  is  that  of  boiling  water, 
and  fometimes  more.  . . The  volumes  of 
fmoke,  which  fometimes  arife,  indicate  a ftill 
greater  heat  ; and  yet  the  bottom,  of  the  bafm 
is  covered  with  plants  which  grow  in  the 
bottom  of  the  lakes,  and  in  the  marfhes.  In 
ferruginous  foils,  thefe  waters  produce  vi- 
triol,’ &c.  * 

4 I11  feveral  of  the  Apennine  mountains,  and 
particularly  in  thofe  on  the  road  from  Bologna 
to  Florence,  we  find  fires,  or  vapours  which 
require  only  the  approach  of  a candle  to  in- 
flame them.  . . . 

4 The  fires  of  Mount  Cenida,  near  Pietramala, 
are  fituated  at  different  heights  of  the  moun- 
tain, upon  which  we  find  four  mouths  that 
throw  out  flames.  . . . One  of  thefe  fires  is 
in  a circular  place  furrounded  with  a riling 
ground.  . . . Here  the  earth  appears  to  be 
burnt,  and  the  ftones  are  blacker  than  thofe 
in  the  neighbourhood  ; there  likewife  i flues, 
here  and  there,  a lively,  blue,  clear  flame, 
which  rifes  from  three  to  four  feet  high.  . ...  . 
But,  beyond  this  circular  fpace,  we  fee  no  fire, 
though  the  heat  of  the  ground  is  perceptible 
at  the  diftance  of  fixty  feet  from  the  centre  of 
thefe  flames-.  . . . 

4 Along  a fiffure  or  crevice  in  the  neighbour- 
hood of  the  fire,  we  hear  a dull  noife,  like  that  of 

* Mem.  des  Savans  Etrangers,  tom.  v.  p,  325. 
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4 wind  moving  through  a fubterraneous  pafiage. 
4 Near  this  place,  we  find  two  fources  of  hot 
4 water,  . . The  ground,  in  which  fire  has  long 
4 exifted,  is  neither  deprefled  nor  elevated.  . . 
4 Near  this  fire  we  fee  no  volcanic  ftones,  nor 
* any  mark  which  indicates  that  fire  lias  ever 
4 been  thrown  out.  However,  fome  little  hills 
4 in  the  neighbourhood  have  every  appearance 
4 of  having  been  formed,  or  at  leaft  changed 
4 by  volcano’s.  ...  In  1767,  fuccuffions  of  an 
4 earthquake  were  felt  in  the  environs  ; but 
4 no  change  was  produced  on  the  fire,  neither 
4 was  the  finoke  increafed  or  diminifhed.  . . 

4 About  ten  leagues  from  Modena,  at  a 
4 place  called  Barigazzo , there  are  five  or  fix 
4 openings  where,  at  particular  times,  flames 
4 appear,  which  are  extinguifhed  by  a ftrong 
4 wind  : There  are  likewife  vapours  which  in- 
4 flame  by  contact  with  fire.  . . . But,  notwith- 
4 Handing  the  unequivocal  veftiges  of  extin- 
4 guifhed  volcano’s  which  fubfifl:  in  moll  of  thefe 
4 mountains,  the  fires  feen  there  are  not  new 
4 volcano’s  forming,  becaufe  they  never  throw* 
4 out  any  volcanic  matter 

Hot  waters,  as  well  as  the  fountains  of  Pe- 
troleum, and  other  bituminous  and  oily  fub- 
ftances,  fhould  be  regarded  as  another  fhade 
between  extinguifhed  and  a&ive  volcano’s. 

* Mem.  fur  le  Pétrole,  par  M.  Fougeroux  de  Banderoy,  dans 
ceux  de  F Acad,  des  Sciences,  année  1770,  p.  45. 

When 
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When  fubterraneous  fires  exift  near  ftrata  of 
coal,  they  diffolve  the  coal,  and  give  rife  to  moft 
fources  of  bitumen  : They  likewife  occafion  the 
heat  of  the  hot  fprings  which  run  in  their  neigh- 
. bourhood.  But  thefe  ' fubterraneous  fires  now 
burn  with  tranquillity  ; and  we  only  recognife 
their  ancient  explofions  by  the  fubftances  they 
have  formerly  rejected.  They  ceafed  to  ad 
when  the  fea  retired  from  them  ; and,  as  already 
remarked,  I believe  there  is  no  longer  any  rea- 
fon  to  dread  the  return  of  thefe  direful  explo- 
fions, fince  every  obfervation  concurs  in  (bow- 
ing that  the  fea  will  always  retire  ferther  and 
farther. 


IV. 

Of  Lavas  and  Bafalts . 

TO  what  we  have  faid  on  the  fubjed  of  vol- 
cano’s, we  (hall  add  fome  remarks  on  the  mo- 
tion of  lavas,  and  on  the  time  neceflary  for 
their  cooling  and  their  converfion  into  vegeta- 
ble foil. 

The  lava  which  runs  from  the  foot  of  the 
eminences  formed  by  the  matters  rejeded  by 
the  volcano,  is  an  impure  glafs  in  fufion.  It  is 
a tenacious,  vifcous,  and  half-fluid  fubftance. 

vol.  ix.  o Hence 
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Hence  the  torrents  of  the  vitrified  matter,  when 
compared  to  torrents  of  water,  run  flowly  ; and 
yet  they  often  proceed  to  great  diftances.  In 
thefe  torrents  of  fire,  however,  there  is  another 
movement  than  what  takes  place  in  thofe  of 
water:  This  movement  tends  to  elevate  the 
whole  running  mafs,  and  is  produced  by  the  ex- 
panfive  force  of  the  heat  in  the  interior  parts  of 
the  burning  torrent.  The  external  furface  cools 
firft  ; the  liquid  fire  continues  to  run  below  y 
and,  as  heat  ads  equally  on  all  fides,  the  fire, 
which  endeavours  to  efcape,  elevates  the  fuperior 
parts  that  are  already  confolidated,  and  often 
forces  them  to  rife  perpendicularly.  This  is  the 
origin  of  thofe  large  maffes  of  lava  in  the  form 
of  rocks,  which  are  found  in  the  courfe  of  ai- 
med: every  torrent  where  the  declivity  is  not 
great.  By  the  efforts  of  this  internal  heat,  the 
lava  makes  frequent  explofions;  its  furface  opens, 
and  the  liquid  matter  fprings  up  and  forms  thofe 
inaiTes  which  we  fee  elevated  above  the  level  of 
the  torrent.  Le  P.  de  la  Torré,  I believe,  is  the 
firft  perfon  who  obferved  this  internal  movement 
of  burning  lavas,  which  is  always  more  violent 
in  proportion  to  their  thicknefs  and  the  gentle- 
nefs  of  the  declivity.  This  effed  is  common  to 
all  matters  liquified  by  fire,  and  every  man  may 
fee  examples  of  it  in  our  common  founderies 

If 

* The  lava  of  iron  founderies  exhibits  the  fame  effects.  When 
this  vitreous  matter  runs  flowly,  and  accumulates  at  the  bafe^ 
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If  We  obferve  thofe  large  ingots  or  mafles  of 
melted  iron,  which  run  in  a mould  or  canal  with 
a very  fmall  declivity,  we  fhall  perceive  that 
they  have  a tendency  to  rife  like  arches,  efpeci- 
ally  when  the  ftream  is  very  thick  We  have 
formerly  fhewn,  by  experiments,  that  the  time 
of  confolidation  is  always  proportioned  to  the 
thicknefs  of  the  ingots,  and  that,  when  their  fur- 
faces  are  hardened,  the  interior  parts  ftill  conti- 
nue to  be  liquid.  It  is  this  internal  heat  which 
elevates  the  ingots  and  makes  them  blifler.  If 
their  thicknefs  were  greater,  there  would  be  pro- 
duced, as  in  the  torrents  of  lava,  explofions,  rup- 

we  fee  eminences  arife,  which  are  bubbles  or  concave  hemifpheres 
of  giafs.  Thefe  bubbles  increafe*  when  the  expanfive  force  is 
great,  and  the  matter  has  little  fluidity  : It  then  fuddenly  ex- 
plodes into  a flame,  and  makes  a conflderable  report.  When 
the  liquified  matter  is  fufficiently  adhefive  to  fuffer  a great  dila- 
tation, thefe  fuperficial  bubbles  acquire  a volume  of  eight  or  ten 
inches  in  diameter,  without  breaking.  When  the  vitrification  is 
tefs  complete,  and  the  matter  is  vilcous  and  tenaceous,  the  bubbles 
are  fmaller,  and  in  cooling  form  concave  eminences  called  toads* 
tyes.  What  happens  in  miniature  in  our  founderies,  is  likewife  ex- 
hibited upon  a larger  fcale  in  the  lavas  of  volcano’s. 

* I have  not  mentioned  fome  particular  caufes  which  frequently 
produce  a curvature  or  fwelling  in  our  melted  ingots  : For  ex- 
ample, when  the  matter  is  not  very  fluid,  or  when  the  mould  is 
too  moift,  the  ingots  bend  confiderably  ; becaufe  thefe  caufes  con- 
cur in  augmenting  the  effect  of  the  firfl.  Thus  the  humidity  of 
the  ground,  on  which  the  torrents  of  lava  defeend,  and  the  in- 
ternal heat  concur  in  raifingthe  mafs,  and  in  producing  explofions, 
which  are  always  accompanied  with  thofe  jets  of  matter  formerly 
mentioned. 


Q 2 
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tures  in  the  furface,  and  perpendicular  jets  of 
metallic  matter  pufhed  out  by  the  a&ion  of  the 
fire  inclofed  in  the  interior  parts  of  the  ingots. 
This  explication,  drawn  from  the  nature  of  the 
thing  itfelf,  leaves  no  doubt  concerning  the 
origin  of  thofe  eminences  fo  frequent  in  valleys 
and  plains,  which  have  been  over-run  or  covered 
with  lava. 

When,  after  defcending  from  the  mountain 
and  traverfing  the  fields,  the  burning  lava  ar- 
rives at  the  margin  of  the  fea,  its  courfe  is  fud- 
denly  interrupted,  the  torrent  advances,  and, 
like  a powerful  enemy,  makes  the  water  at  firft 
retire  : But  the  water  by  its  immenfity,  by  the 
refiftance  of  its  cold,  and  by  its  power  of  arreft- 
ing  and  extinguifhing  fire,  foon  confolidates 
the  torrent  of  burning  matter,  which  can  now 
proceed  no  farther,  but  rifes  up,  accumulates 
new  ftrata,  and  forms  a perpendicular  wall, 
from  the  top  of  which  the  lava  falls  and  applies 
itfelf  to  the  face  of  the  wall  thus  formed.  It  is 
this  falling  and  arrefting  of  the  burning  matter 
that  gives  rife  to  bafaltic  prifms*  and  their  joint- 
ed columns.  Thefe  prifms  have  generally  five, 
fix,  or  feven  fides,  fometimes  only  three  or  four, 

* I {hall  not  here  inquire  into  the  origin  of  the  term  hafalty 
which  M.  Defmarets  of  the  Academy  of  Sciences,  a learned  na- 
turalift,  believes  to  have  been  applied  by  the  ancients  to  different 
kinds  of  Hones  ; but  lhall  limit  myfelf  to  the  bafaltic  lava,  which 
appears  under  the  form  of  prifmatic  columns. 


and 
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and  fometimes  eight  or  nine.  The  bafaltic  co- 
lumns are  formed  by  the  perpendicular  fall  of 
the  lava  into  the  fea,  whether  it  falls  from  high 
rocks  on  the  fliore,  or  from  a wall  raifed  by  its 
own  accumulations.  In  both  cafes,  the  cold 
and  humidity  of  the  water  arreft  thç  burning 
matter,  and  confolidate  its  furfaces  the  moment 
it  falls  ; and  the  fucceffive  bundles  or  maffes  of 
lava  apply  themfelves  to  each  other.  As  the  in- 
ternal heat  of  thefe  maffes  tends  to  dilate  them, 
a reciprocal  refiftance  is  created  ; and  the  fame 
effect  is  produced  as  happens  in  the  fwelling  of 
peafe,  or  rather  of  cylindrical  grain,  when  fqueez- 
ed  in  a clofe  veffel  filled  with  boiling  water. 
Each  of  thefe  grains  would  affume  a hexagonal 
figure  by  reciprocal  compreffion.  In  the  fame 
manner,  each  bundle  or  mafs  of  lava  affumes  fe- 
veral  fides  by  dilatation  and  reciprocal  refiftance  ; 
and,  when  the  refiftance  of  the  furrounding 
bundles  is  ftronger  than  the  dilatation  of  the 
bundle  furrounded,  inftead  of  becoming  hexa** 
gonal,  it  has  only  three,  four,  or  five  fides. 
But,  if  the  dilatation  of  the  furrounded  bundle 
is  ftronger  than  the  refiftance  of  the  furrounding 
bundles,  it  affumes  feven,  eight,  or  nine  fides, 
which  are  always  longitudinal. 

The  tranfverfe  articulations  of  thefe  prifma- 
tic  columns  are  produced  by  a caufe  ftili  more 
fimple  : The  bundles  of  lava  fall  not  in  a regu- 
lar and  continued  ftream,  nor  in  equal  mafles. 

o 3 Hence, 
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Hence,  if  there  are  intervals  in  the  fall  of  the 
matter,  the  fuperior  furface  of  the  forming  co- 
lumn being  partly  confolidated,  is  hollowed 
by  the  weight  of  the  fucceeding  mafs,  which 
then  moulds  itfelf  into  a convex  form  in  the  con- 
cavity or  depreffion  of  the  firft.  This  is  the 
productive  caufe  of  thofe  joints  or  articulations 
■which  appear  in  the  greater  part  of  prifmatic  co- 
lumns. But,  when  the  lava  falls  in  an  unin- 
terrupted ftream,  then  the  bafaltic  column  is 
one  continued  mafs,  without  any  articulations. 
In  the  fame  manner,  when,  by  an  explofion, 
fome  detached  maffes  are  darted  from  the  torrent 
of  lava,  thefe  maffes  affame  a globular  or  ellip- 
tical figure,  and  are  even  fometimes  twilled  like 
cables.  To  this  fimple  explication,  all  the  forms 
of  bafalts  and  figured  lavas  may  be  eafily  re- 
ferred. 

It  is  to  the  rencounter  of  lava  with  the  waves, 
and  its  fudden  confolidation,  that  the  origin  of 
thefe  bold  coafts,  which  border  all  the  feas  at 
the  foot  of  volcanic  mountains,  is  to  be  afcrib- 
ed.  The  ancient  ramparts  of  bafalt  found  in 
the  interior  parts  of  continents,  fhow  that  the 
fea  has  been  in  the  neighbourhood  of  thefe  vol- 
cano’s when  they  had  thrown  out  lava.  This 
is  an  additional  proof  of  the  ancient  abode  of  the 
paters  upon  all  the  lands  now  inhabited. 

The  torrents  of  lava  are  from  a hundred  to 
two  and  three  thoufand  fathoms  broad,  and 
fometimes  one  hundred  and  fifty,  and  even  two 

hundred 
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hundred  feet  thick  : 4ind,  as  we  have  found  by 
experience,  that  the  time  of  the  cooling  of 
glafs  is  to  that  of  the  cooling  of  iron  as 
132  to  236,  and  that  the  times  of  their  re- 
fpeâdve  confolidation  are  nearly  in  the  fame 
proportion,  it  is  eafy  to  infer,  that,  to  confoli- 
date  the  thicknefs  Gf  ten  feet  of  glafs  or  lava, 
201  -|4  minutes  would  be  necelfary,  fince  it 
requires  360  minutes  to  confolidate  ten  feet 
thick  of  iron,  confequently  it  will  require 
4028  minutes,  or  67  hours  eight  minutes, 
to  confolidate  200  feet  thick  of  lava  : By  the 
fame  rule  we  fliall  find,  that  30  days  44?  Or 
a month,  will  be  requifite  before  the  furface  of 
this  lava  of  two  hundred  feet  thick  be  fufficiently 
cold  to  admit  of  being  touched.  Hence  a year 
will  be  neceflary  to  cool  a lava  of  two  hundred 
feet  thick,  fo  as  to  admit  of  being  touched,  with- 
out burning,  at  the  depth  of  one  foot  ; and,  at 
ten  feet  deep,  it  will  be  ftill  fo  warm,  at  the  end 
of  ten  years,  as  not  to  be  tangible  ; and  a hun- 
dred will  be  reqtiifite  to  cool  it  to  the  fame 
degree  in  the  middle  of  its  thicknefs.  Mr. 
Brydone  relates,  that,  more  than  four  years 
after  the  lava  had  flowed,  in  the  year  1766,  at 
the  foot  of  Ætna,  it  was  not  perfectly  cool. 
Mafia,  a Sicilian  author  worthy  of  credit, r tells 
us,  4 that,  being  at  Catania,  eight  years  after 
4 the  great  eruption  in  1669,  he  found,  that  the 
* lava  in  feveral  places  was  not  entirely  cooHV- 
* Voyage  au  Sicile,  tom.  i.  p.  213. 

o 4 About 
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About  the  end  of  April  1771,  Sir  William 
Hamilton  dropt  pieces  of  dry  wood  into  a cre- 
vice in  the  lava  at  Vefuvius,  and  they  were  in- 
ftantly  inflamed  : The  lava  ifllied  from  the 
mountain  on  the  19th  of  October  1767,  and 
had  no  communication  with  the  fire  of  the  vol- 
cano. The  place  where  this  experiment  was 
made,  was  at  leafl:  four  miles  diftant  from  the 
mouth  from  which  the  lava  iflued.  He  is  firmly 
perfuaded,  that  many  years  are  neceffary  to  cool 
a lava  of  this  thicknefs  (about  200  feet). 

I have  had  no  opportunity  of  making  experi- 
ments upon  confolidation  and  cooling,  but  with 
balls  of  fome  inches  in  diameter.  The  only 
method  of  making  experiments  on  a larger  fcale 
would  be,  to  obferve  lavas,  and  to  compare  the 
times  exhaufted  in  their  confolidation  and  cool- 
ing, according  to  their  different  thickneffes.  I 
am  fatisfied  that  thefe  obfervations  would  con- 
firm the  law  I have  eftablifhed  for  the  cooling 
of  bodies  from  the  ftate  of  fufion  to  the  coim- 
mon  temperature  ; and  although  thefe  new  ob^ 
fervations  are  by  no  means  neceffary  to  fupport 
my  theory,  ftill  they  would  help  to  fill  up  that 
immenfe  gap  between  a cannon-ball  and  a 
planet. 

It  now  remains  for  us  to  examine  the  nature 
of  lava,  and  to  fhow,  that,  in  time,  it  is  corn- 
verted  into  fertile  earth  ; which  recalls  the  idea 
of  the  firft  converfion  of  the  fcoriæ  of  the  pri- 
mitive 
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mitive  glafs  that  covered  the  whole  furface  of 
the  globe  after  its  confolidation. 

6 Under  the  denomination  of  lava,  we  com- 
4 prehend  not,’  fays  M.  de  la  Condamine,  4 all 
4 the  matter  thrown  out  by  a volcano,  fuch 
4 as  afhes,  pumice-ftones,  gravel,  and  fand  ; but 
4 folely  thofe  reduced  to  a liquid  ftate  by  the 
4 a&ion  of  fire,  and  which,  by  cooling,  form 
4 folid  maffes,  whofe  hardnefs  furpaffes  that 
4 of  marble.  This  reftridtion  notwithffanding, 

4 many  other  fpecies  of  lava  may  be  conceived, 

4 according  to  the  different  degreed  of  fufion' 
4 in  the  mixture,  the  greater  or  fmaller  quan- 
4 tity  of  metal,  and  its  greater  or  lefler  intimate 
4 union  with  the  various  matters.  Befide  many 
4 intermediate  kinds,  three  fpecies  are  eafily 
4 diftingui  (liable.  The  pureft  lava  refembles, 

4 when  polifhed,  a (lone  of  an  obfcure  dirty 
4 grey  colour.  It  is  fmooth,  hard,  heavy,  and 
4 interfperfed  wfith  fmali  particles  fimilar  to 
4 black  marble,  and  whitifh  points.  It  feems 
4 to  contain  metallic  particles.  At  fir  ft  fight, 

4 it  refembles  ferpentine,  when  the  colour  of 
4 the  lava  does  not  tend  to  green.  It  receives 
4 a pretty  fine  polifli,  which  is  more  or  lefs 
4 vivid  in  different  parts.  It  is  made  into  tables, 
4 chimney-pieces,  &c.  ; ff* 

* The  coarfeft  kind  of  lava  is  rugged  and  un- 
4 even.  It.  refembles  the  fcoriæ  or  drofs  of 

4 iron.  The  mort  common  fpecies  holds  a 

* middle  rank  between  the  two  extremes  : 

4 It 
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4 It  is  that  which  we  every  where  find  in  large 
4 maffes  upon  the  Tides  of  Vefuvius  and  in 
4 the  adjacent  fields,  where  it  has  run  in  torrents. 
4 In  cooling,  it  has  formed  maffes  fimilar  to 
4 ferruginous  and  rufty  rocks,  which  #are  often 
4 many  feet  thick.  Thefe  maffes  are  frequent- 
4 ly  interrupted  and  covered  with  afhes  and 

4 calcined  matter It  is  under  feveral 

4 alternate  ftrata  of  lava,  afhes,  and  earth,  the 
4 whole  of  which  forms  a cruft  of  from  6o 
4 to  8o  feet  thick,  that  temples,  porticos,  fta- 
4 tues,  a theatre,  and  an  entire  city  have  been 
4 difcovered 

M.  Fougeroux  de  Bondaroy  remarks,  4 that, 
4 immediately  after  an  eruption  of  burnt  earth  or 
4 of  a kind  of  afhes,  Vefuvius  generally  throws 
4 out  lava,  which  runs  down  the  fiffures  or  fur- 
4 rows  made  in  the  mountain.  . . 

4 The  mineral  matter  inflamed,  melted,  and 
4 flowing,  or  lava  properly  fo  called,  iffues  through 
4 cracks  or  crevices  with  more  or  lefs  impetu- 
4 ofity,  and  in  greater  or  fmaller  quantity,  ac- 
4 cording  to  the  violence  of  the  eruption.  It 
« fpreads  to  a greater  or  fmaller  diftance,  accord- 
4 ing  to  the  degree  of  fluidity,  and  the  declivity 
4 of  the  mountain,  which  more  or  lefs  retards 
4 its  cooling. . . 

4 That  which  now  covers  a part  of  the  land 

* Mem.  de  TAcad.  des  Sciences,  année  J757,  p.  374* 

4 at 
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4 at  the  foot  of  the  mountain,  and  which  fome- 
4 times  ftretches  as  far  as  Portici,  conflits  of 
4 large  heavy  maffes,  briûled  with  points  on 
4 their  upper  furface.  The  furface  which  refis 
4 on  the  ground  is  flatter;  As  thefe  pieces  lie 
4 above  each  other,  they  have  fome  refemblance 
4 to  the  waves  of  the  fea.  When  the  pieces  are 
4 larger  and  more  numerous,  they  aflfume  the 
4 figure  of  rocks.  . . 

4 In  cooling,  the  lava  affedts  various  forms.  . . 

4 The  moft  common  is  that  of  tables  or  boards 
4 of  greater  or  fmaller  dimenfions.  Some  pieces 
4’  are  fix,  feven,  and  eight  feet  long.  It  breaks 
4 into  this  form  in  cooling  and  confolidating. 

4 This  is  the  fpecies  of  lava  which  is  briftled 
4 with  points.  . . 

4 The  fécond  fpecies  refembles  great  ropes  : 

4 It  is  always  found  near  the  mouth  of  the  vol- 
4 cano,  and  appears  to  have  been  fuddenly  fixed, 

4 and  to  have  rolled  before  it  hardened.  It  is 
4 lighter,  more  brittle,  more  bituminous,  and 
4 fofter,  than  the  firft  fpecies.  By  breaking  it, 
4 we  likewife  perceive  that  its  iubftance  is  not 
4 fo  clofe  and  compact.  . . 

4 At  the  top  of  the  mountain,  we  find  a third 
4 fpecies  of  lava,  which  is  brilliant,  and  com- 
4 pofed  of  threads  which  fometimes  crofs^one 
4 another.  It  is  coarfe,  and  of  a reddifh  violet 
4 colour.  . . . Some  fragments  are  fono- 

• rous,  and  have  the  figure  of  ftaladlites.  . . 

4 Laftly, 
* # 
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c Laftly,  in  certain  parts  of  the  mountain,  we 
4 find  lavas  of  a fpherical  form,  and  appear  to 
4 have  been  rolled.  It  is  eafy  to  conceive  how 
4 the  figures  of  thefe  lavas  might  be  varied  by  a 
4 number  of  accidental  circumftances*,’  &c. 

Matter  of  every  kind  enters  the  compofition 
of  lavas.  Iron  and  a fmall  quantity  of  copper 
have  been  extracted  from  the  lava  found  on  the 
fummit  of  Vefuvius.  Some  fpecimens  are  fo  im- 
pregnated with  metallic  fubftances  as  to  preferve 
the  flexibility  of  metal.  I have  feen  two  large 
tables  of  lava  of  two  inches  thick,  which  were 
polifhed  like  marble,  and  bended  with  their  own 
weight.  I have  feen  others,  which  were  bended 
by  a weight,  and  refumed  their  horizontal  po~ 
fition  by  their  own  elafticity. 

All  lavas,  when  reduced  to  powder,  are,  like 
glafs,  fufceptible  of  being  converted,  by  the 
intervention  of  water,  firft  into  clay,  and  after- 
wards, by  the  mixture  of  duft  and  corrupted 
vegetables,  into  excellent  foil.  Thefe  fa£ts  are 
apparent  from  the  vaft  and  beautiful  forefts 
which  furround  Ætna,  and  grow  upon  a bot- 
tom of  lava  covered  with  feveral  feet  of  good 
earth  : The  afhes  are  more  quickly  converted 
into  earth  than  the  powder  of  glafs  or  of 
Java.  In  the  craters  of  old  extinguifhed  vol- 
cano’s, as  well  as  on  the  ancient  rivers  of  lava, 
we  find  very  fertile  foils.  Hence  the  deva- 
ftations  occafioned  by  volcano’s  are  limited  by 

* Mem.  de  l’Acad,  des  Sciences,  année  i y 66,  p.  75. 

time  ; 
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time  ; and,  as  Nature  is  always  more  difpofed 
to  produce  than  to  deftroy,  {he,  in  a few  ages, 
repairs  the  devaluations  of  fire,  and  reftores  to 
the  earth  its  former  fertility  by  the  very  fame 
materials  Ihe  had  employed  for  the  purpofes  of 
deftru&ion. 
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A D D I T 1 0 NS  to  the  Article , Of  Caverns , 
vol.  i.  p.  442. 


Of  Caverns  formed  by  the  primitive  Fire. 


JN  my  Theory  of  the  Earth,  I mentioned  only 
two  kinds  of  caverns,  the  one  produced  by 
the  fire  of  volcano’s,  and  the  other  by  the 
motion  of  fubterraneous  waters.  Thofe  two 
fpecies  of  caverns  are  not  fituated  at  great  depths. 
They  are  even  new,  when  compared  with  thofe 
vaft  cavities,  which  were  formed  at  the  time  the 
globe  firft  affumed  a folid  form  ; for,  at  this  pe- 
riod, all  the  fuperficial  eminences  and  hollows, 
and  all  the  cavities  in  the  interior  parts  of  the 
earth,  efpecially  near  the  furface,  were  produced* 
Several  of  thofe  caverns  produced  by  the  primi- 
tive fire,  after  being  fupported  for  fome  time, 
have  afterwards  fplit  by  cooling,  which  diminifhes 
the  volume  of  every  kind  of  matter  ; thefe 
would  foon  fall  in,  and,  by  their  finking,  form 
bafins  or  refervoirs  for  the  fea,  into  which  the 
waters,  formerly  much  elevated  above  this  level, 
ran,  and  abandoned  the  lands  which  they  origi- 
7 nally 
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nally  covered.  It  is  more  than  probable,  that 
a certain  number  of  thefe  ancient  caverns  ftill 
fubfift  in  the  interior  parts  of  the  globe,  and  by 
their  fmking  may  produce  fimilar  effe&s,  and 
give  rife  to  new  receptacles  to  the  waters.  In 
this  cafe,  they  will  partly  abandon  the  bafin 
which  they  now  occupy,  and  run,  by  their  na- 
tural propenfity,  into  thefe  lower  places.  For 
example,  we  find  beds  of  fea~£hells  in  the  Pyren- 
nees  1500  fathoms  above  the  prefent  level  of 
the  ocean.  Hence  it  is  certain,  that  the  waters 
when  thefe  ftiells  were  formed,  rofe  1500  fa- 
thoms higher  than  they  do  at  prefent.  But, 
when  the  caverns,  which  fupported  the  lands 
that  are  now  the  bed  of  the  Atlantic  ocean, 
funk,  the  waters  which  covered  the  Pyrennees, 
and  the  whole  of  Europe,  vrould  run  with  rapi- 
dity into  thefe  refervoirs,  and,  of  courfe,  leave 
uncovered  all  the  lands  in  this  part  of  the  world. 
The  fame  revolution  would  extend  to  every 
other  country.  The  waters  appear  to  have 
never  reached  the  fummits  of  the  high  eft  moun- 
tains ; becaufe  they  exhibit  no  relicks  of  marine 
produ&ions,  and  no  fufficient  marks  of  a long 
abode  of  the  waters.  However,  as  fome  of  the 
matters  of  which  they  are  compofed,  though  all 
of  the  vitrefcent  kind,  feem  to  have  derived 
their  folidity  and  confiftence  from  the  interven- 
tion and  cement  of  water,  and  as  they  appear 
to  have  been  formed,  as  already  remarked,  in 
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the  mafles  of  fand,  or  glafs  duft,  which  formerly 
lay  on  the  peaks  of  mountains,  but  which, 
in  the  progrefs  of  time,  have  been  carried  down 
to  their  bottoms  by  the  rains,  we  cannot  pro- 
nounce pofitively,  that  the  waters  of  the  fea  ne- 
ver flood  higher  than  the  places  where  fhells  are 
now  found:  The  waters  have  perhaps  flood 
much  higher,  even  before  their  temperature 
permitted  the  exiftence  of  fhells.  The  greateft 
height  reached  by  the  univerfal  ocean  is  to  us  un- 
known. But  we  know  that  the  waters  were  ele- 
vated from  1500  or  2000  fathoms  above  their 
prefent  level  ; fince  fhells  are  found  in  the 
Pyrennees  at  1500  fathoms,  and  in  the  Corde- 
lieres  at  2000. 

If  all  the  peaks  of  mountains  were  formed  of 
folid  glafs,  or  of  other  matters  immediately  pro- 
duced by  fire,  it  would  be  unnecefiary  to  have 
recourfe  to  the  abode  of  the  waters,  or  to  any 
other  caufe,  in  order  to  conceive  how  tiiey  af- 
fumed  their  confiftence.  But  mofi  peaks  of 
mountains  feem  to  be  compofed  of  matters, 
which,  though  verifiable,  have  acquired  their  fo- 
lidity  by  the  intervention  of  water.  We  cannot, 
therefore,  determine  whether  their  confiftence 
is  folely  owing  Up  the  primitive  fire,  or  whether 
the  intervention  and  cement  of  water  were  not 
requifite  to  complete  the  operation  of  fire,  and 
to  beftow  on  thefe  verifiable  mafles  the  qualities 
which  they  pofiefs.  Befides,  this  fuppofition 

prevents 
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prevents  not  the  primitive  fire,  which  at  firft 
produced  the  greateft  inequalities  on  the  globe, 
from  being  the  chief  caufe  of  thofe  chains  of 
mountains  that  traverfe  its  furface,  and  particu- 
larly of  their  cores  or  nuclei  ; but  the  contours 
of  thefe  fame  mountains  have  perhaps  been  dif- 
pofed  and  fafhioned  by  the  waters  at  a fubfe- 
quent  period  ; for  it  is  upon  thefe  contours,  and 
at  certain  heights,  that  fhells  and  other  produc- 
tions of  the  fea  are  found. 

To  acquire  a clear  notion  of  the  ancient  ca- 
verns formed  by  the  primitive  fire,  we  muft 
fuppofe  the  globe  to  be  deprived  of  all  its  wai- 
ters, and  of  all  the  matters  which  cover  its  fur- 
face,  to  the  depth  of  ten  or  twelve  hundred 
feet.  By  removing  in  idea  this  external  bed  of 
earth  and  water,  the  globe  will  prefent  to  us  the 
form  it  poflefled  about  the  time  of  its  firft  con- 
folidation.  The  whole  mafs  was  compofed  of 
vitreous  rock,  or,  if  you  will,  of  melted  glafs  ; 
and  this  matter,  in  cooling  and  acquiring  con- 
fiftence,  produced,  like  all  other  melted  bodies, 
eminences,  depreffions,  and  cavities,  upon  the 
whole  furface  of  the  globe.  Thefe  internal  ca- 
vities formed  by  fire,  are  the  primitive  caverns, 
and  they  are  more  numerous  in  the  fouthern 
than  in  the  northern  regions  ; becaufe  the  rota- 
tory motion,  which  elevated  the  equatorial  re- 
gions before  confolidation,  likewife  produced 
the  greateft  derangement  of  the  matter,  and,  by 
vol.  ix.  p retard- 
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retarding  tlie  confolidation,  would  concur  with 
the  a£lion  of  the  fire  in  giving  rife  to  a greater 
number  of  inequalities  in  this  than  in  any  other 
part  of  the  globe.  The  waters  coming  from 
the  Poles  could  not  approach  thofe  burning 
regions  before  they  cooled.  The  vaults  which 
fupported  thefe  regions  having  fucceflively  fal- 
len in,  the  furface  funk  and  broke  in  a thoufand 
places.  For  this  reafon,  the  greateft  inequali- 
ties of  the  globe  are  found  in  the  equatorial 
regions  ; There  the  primitive  caverns  are  more 
numerous  than  in  any  other  part  of  the  earth. 
They  are  likewife  more  profound,  u e . perhaps 
five  or  fix  leagues  deep  ; becaufe  the  matter  of 
the  globe,  while  in  a liquid  ftate,  was  agitated 
to  that  depth  by  the  motion  of  rotation.  But 
all  the  caverns  in  high  mountains  derive  not 
their  origin  from  the  operation  of  primitive  fire. 
Thofe  alone  which  are  deeply  fituated  below  the 
mountains  can  be  afcribed  to  this  caufe.  The 
more  exterior  and  more  elevated  have  been  form- 
ed, as  already  remarked,  by  the  operation  of 
fecondary  caufes.  Hence  the  globe,  deprived 
of  its  waters  and  the  matters  tranfported  by 
them,  would  prefent  to  us  a furface  much  more 
irregular  than  it  appears  with  the  aid  of  this 
covering.  The  great  chains  of  mountains  and 
their  peaks  and  ridges,  have  not  now  the  ap- 
pearance of  half  of  their  real  height.  The 
whole  are  attached  by  their  Lafes  tc  a vitrifiable 
1 1 rock, 
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rock,  and  are  of  the  fame  nature.  Thus  we 
fhould  reckon  three  fpecies  of  caverns  produced 
by  Nature:  The  firft  by  the  force  of  the  primi- 
tive fire  ; the  fécond  by  the  adion  of  water  ; 
and  the  third  by  that  of  fubterraneous  fires  : 
Each  of  thefe  caverns,  though  different  in  their 
origin,  may  be  diftinguifhed  by  examining  the 
matters  they  contain,  or  by  which  they  are 
furrounded. 
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AD  D IT  10  NS  to  the  Article,  Of  the  Effect 
of  Rains , Marjhes,  Subterraneous  Wood  and 
Water , vol.  i.  p.  473. 


I. 


Of  the  finking  and  Derangement  of  certain  Lands . 

T H E rupture  of  caverns,  and  the  a&ion  of 
fubterraneous  fires,  are  the  chief  caufes  of 
the  great  revolutions  which  happen  in  the  earth  ; 
but  they  are  often  produced  by  fmaller  caufes. 
The  filtration  of  the  water,  by  diluting  the  clay, 
upon  which  almoft  all  calcarious  mountains  reft, 
has  frequently  made  thofe  mountains  incline 
and  tumble  down.  Of  thefe  remarkable  events 
I fhall  fubjoin  fome  examples. 

4 In  the  year  1 757/  fays  M.  Perronet, 4 a part 
4 of  the  ground  fituated  about  half-way  before 
4 we  arrive  at  the  Caftle  of  Croix-fontaine, 
4 opened  in  many  places,  and  fucceflively  tum- 
4 bled  down.  The  terrace  wall,  which  inclofed 
4 this  ground,  was  overturned,  and  the  road, 
4 which  was  formerly  at  the  foot  of  the  wall, 
4 was  obliged  to  be  carried  to  a confiderable  dif- 

4 tance. 
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i tance This  ground  refted  upon  a bafe 

4 of  inclined  earth.’  This  learned  and  chief 
engineer  of  our  highways  and  bridges  mentions 
another  accident  of  the  fame  kind  which  happen- 
ed, in  the  .year  1733,  at  Pardines,  near  Iffoire 
in  Auvergne.  The  ground,  for  about  400 
fathoms  in  length  by  300  in  breadth,  defend- 
ed upon  a pretty  diftant  meadow,  with  all  its 
houfes,  trees,  and  herbage.  He  adds,  that  con- 
fiderable  portions  of  ground  are  fometimes  tranf- 
ported  either  by  the  rupture  of  refervoirs  of 
water,  or  by  the  fudden  melting  of  fnows.  In 
1757,  at  the  village  of  Guet,  about  ten  leagues 
from  Grenoble,  on  the  road  to  Briançon,  the 
whole  ground,  which  lies  on  a declivity,  flipt 
and  defended  in  an  inftant  towards  Drac,  which 
is  about  a mile  diftant.  The  earth  fplit  in  the 
village,  and  the  part  which  moved  off  was  fix, 
eight,  and  nine  feet  lower  than  its  former  fta- 
tion.  This  ground  was  fituated  on  a pretty  folid 
rock,  which  was  inclined  to  the  horizon  about 
forty  degrees 

To  thefe  examples  I fhall  add  another  fa<ft,  of 
which  I have  been  a confiant  witnefs,  and  which 
has  coft  me  a confiderable  expence.  The  de- 
tached rifing  ground,  upon  which  the  town  and 
old  caftle  of  Montbard  are  fituated,  is  elevated 
140  feet  above  the  level  of  the  river,  and  its 
moil  rapid  defcent  is  to  the  north-eaft.  This 


* Hilt,  de  1’ Acad,  des  Sciences,  année  17 69,  p.  233. 
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rifing  ground  is  crowned  with  calcarious  rocks, 
the  ftrata  of  which,  when  taken  together,  are 
54  feet  thick.  They  every  where  reft  upon  a 
mafs  of  clay,  which,  of  courfe,  before  reaching 
the  level  of  the  river,  is  86  feet  thick.  My 
garden,  which  is  furrounded  with  feveral  ter- 
races,  is  fituated  on  the  top  of  this  rifing  ground. 
From  twenty-five  to  twenty-fix  fathoms  of  the 
laft  terrace-wall  on  the  north- eaft  fide,  where  the 
declivity  is  greateft,  gave  way  all  at  once,  carrying 
along  the  inferior  ground,  which  would  have 
gradually  defcended  to  the  level  of  the  ground 
near  the  river,  if  its  progreffive  motion  had  not 
been  prevented  by  taking  down  the  whole  wall. 
This  wall  was  feven  feet  thick  and  founded  on 
clay.  The  movement  of  the  earth  was  very 
flow  : I perceived  that  it  was  evidently  occa- 
fioned  by  the  infinuation  of  water.  All  the 
water  which  falls  upon  the  platform  on  the  top 
of  this  rifing  ground,  penetrates  through  the 
fiffures  of  the  rocks,  and  reaches  the  clay  upon 
which  they  reft  : Of  this  fad  we  are  afcertain- 
ed  by  two  wells  dug  from  the  top  of  the  rock 
to  the  clay.  All  the  rain-water,  therefore,  which 
falls  upon  this  platform  and  the  adjacent  terraces, 
colled  upon  the  clay  whete  the  perpendicular 
fiffures  of  the  rock  terminate.  The  water  gives 
rife  to  fmall  rills  in  different  places,  which  are 
rendered  ftill  more  apparent  by  feveral  wells  dug 
below  the  rocks.  Wherever  this  mafs  of  clay  is 

cut 
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cut  by  ditches,  we  fee  the  water  filtrating  from 
above.  It  is  not,  therefore,  fuiprifing  that  walls, 
however  folid,  fhould  flip  upon  this  firft  bed  of 
moift  clay,  if  they  are  not  founded  much  lower, 
as  I have  done  in  rebuilding  them.  The  fame 
thing,  however,  has  happened  on  the  north- 
weft  fide,  where  the  declivity  is  gentler,  and  no 
rills  of  water  appear.  The  clay  had  been  re- 
moved at  the  diftance  of  twelve  or  fifteen  feet 
from  a great  wall,  of  eleven  feet  thick,  thirty-five 
feet  high,  and  twelve  fathoms  long.  This  wall 
is  conftruded  of  good  materials,  and  hasfubfift- 
ed  more  than  nine  hundred  years.  The  cut 
from  which  the  clay  was  removed,  though  not 
above  four  or  five  feet  deep,  has  produced  a 
movement  in  this  immenfe  wall.  It  declines 
from  the  perpendicular  about  fifteen  inches,  and 
I could  only  prevent  its  downfall  by  abuttments 
of  feven  or  eight  feet  thick*  and  founded  at  the 
depth  of  fourteen  feet. 

From  thefe  fads  I drew  the  following  con- 
clufion,  which  is  not  fo  interefting  at  prefent  as 
it  would  have  been  in  ages  that  are  paft,  that 
there  is  not  a caftle  or  fortrefs  fituated  upon 
heights,  which  might  not  be  eafily  tumbled  into 
the  plain  by  a fimple  cut  of  ten  or  twelve  feet 
deep  and  fome  fathoms  wide.  This  cut  fhould 
be  made  at  a ftnall  diftance  from  the  laft  wall, 
and  upon  that  fide  where  the  declivity  is  greateft. 
This  method,  of  which  the  ancients  never 

p 4 dreamed, 
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dreamed,  would  have  faved  them  the  operation 
of  battering-rams  and  other  engines  of  war; 
and,  even  at  prefent,  might  be  employed,  in 
many  cafes,  with  advantage.  I am  convinced 
by  my  eyes,  that,  when  thefe  walls  flipt,  if  the 
cut  made  for  rebuilding  them  had  not  been 
ipeedily  filled  with  ftrong  malon-work,  the  an- 
cient walls,  and  the  two  towers  that  have  fubfift- 
ed  in  good  condition  nine  hundred  years,  and 
one  of  which  is  125  feet  high,  would  have  tum- 
bled into  the  valley,  along  with  the  rocks  upon 
which  they  are  founded.  As  mod  of  our  hills 
compofed  of  calcarious  ftones  reft  upon  a clay 
bafe,  the  firft  ftrata  of  which  are  always  more 
or  lefs  moiftened  with  the  waters  that  filtrate 
through  the  crevices  of  the  rocks,  it  appears  to 
be  certain,  that,  by  expofing  thefe  moiftened  beds 
to  the  air  by  a cut,  the  whole  mafs  of  rocks  and 
earth  refting  upon  the  clay  would  flip,  and  in  a 
few  days  tumble  into  the  cut,  efpecially  during 
wet  weather.  This  mode  of  difmantling  a for- 
trefs  is  more  Ample  than  any  hitherto  invented  ; 
and  experience  has  convinced  me  that  its  fuccefs 
is  certain. 


OF  RAIN'S,  MARSHES,  &c.  233 


II. 

Of  Turf 

TO  what  I have  formerly  remarked  concern- 
ing turf,  I fhall  fubjoin  the  following  fads: 

In  the  jurifdidion  of  Bergues-Saint-Winock, 
Furnes,  and  Bourbourgh,  we  find  turf  at  three  or 
four  feet  below  the  furface.  Thefe  beds  of  turf 
are  generally  two  feet  thick,  and  are  compofed 
of  corrupted  wood,  of  entire  trees  with  their 
branches  and  leaves,  and  particularly  of  filberds 
which  are  known  by  their  nuts,  and  the  whole 
is  interlaced  with  reeds  and  the  roots  of  plants. 

What  is  the  origin  of  thefe  beds  of  turf,  which 
extends  from  Bruges  through  the  whole  flat  coun- 
try of  Flanders  as  far  as  the  river  Aa,  between 
the  downs  and  the  high  country  in  the  environs 
of  Bergues,  &c.  ? In  remote  ages,  when  Flan- 
ders was  only  a vaft  foreft,  a fudden  inundation 
of  the  fea  muft  have  deluged  the  whole  country, 
and,  in  retiring,  depofited  all  the  trees,  wood, 
and  twigs,  which  it  had  eradicated  and  deftroyed 
in  this  loweft  territory  of  Flanders;  and  this 
event  muft  have  happened  in  the  month  of  Au- 
guft  or  September;  becaufe  we  ftill  find  the  leaves 
of  trees,  as  well  as  nuts  on  the  filberds.  This 
inundation  muft  have  taken  place  long  before 

that 
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that  province  was  conquered  by  Julius  Cæfar, 
fmce  no  mention  is  made  of  it  in  the  writing# 
of  the  ancients* ** 

In  the  bowels  of  the  earth  we  fometimes 
find  vegetables  in  a different  date  from  that  of 
common  turf.  For  example,  in  Mount  Gane- 
lon, near  Compeigne,  we  find,  on  one  fide  of 
the  mountain,  quarries  of  fine  ftones  and  the 
foffil  oy fiers  formerly  mentioned,  and  on  the 
other  fide,  we  meet  with  a bed  of  the  leaves  of 
all  kinds  of  trees,  and  aifo  reeds,  the  whole 
blended  together  and  inclofed  in  mud.  When 
thefe  leaves  are  ftirred,  we  perceive  the  fame 
mufty  odour  which  we  feel  on  the  margin  of 
the  Tea  ; and  thefe  leaves  p refer ve  their  odour 
during . feveral  years.  Befides,  the  leaves  are 
not  deftroyed  ; for  we  can  eafiiy  diftinguifh 
their  fpecies:  They  are  only  dry,  and  Rightly 
united  to  each  other  by  the  mudf. 

4 We  diftinguifh,’  M.  Guettard  remarks, 

4 two  fpecies  of  turf:  The  one  is  compofed  of 
4 marine,  and  the  other  of  terreftrial  plants.  We 
4 fuppofe  the  firft  to  have  been  formed  when 
4 the  fea  covered  all  thofe  parts  of  the.  earth 
4 which  are  now  inhabited.  The  fécond  is  fup- 
* pofed  to  have  been  fuperinduced  upon  the  for- 
4 mer.  According  to  this  fyftern,  it  is  imagined 

* Mem.  pour  la  Subdelegation  de  Dunkerque,  relativement  à 
î’Hilt.  Nat.  de  ce  Canton. 

f Lettre  de  M.  Lefchevin  à M.  de  Buffon;  Compeigne,  S 
Août  1772.  ' 

* tiras 
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4 that  the  currents  carried  the  fea-pîants  into  the 
1 hollows  formed  by  the  mountains,  which  were 
4 elevated  above  the  waters,  and,  after  being 
4 tofféd  about  by  the  waves,  were  depofited  in 
4 the  hollows. 

4 This  origin  of  turf  is  not  impoffible  : The 
4 great  quantity  of  fea-plants  is  fufficient  to  ac- 
4 count  for  the  phænomenon.  The  Dutch  even 
4 alledge,  that  the  goodnefs  of  their  turf  is  owing 
4 to  the  bitumen  with  which  the  lea-water  is 
4 impregnated,  and  that  they  were  formed  by 
4 fea-weeds 

4 The  turf-pits  of  Villeroy  are  fituated  in  the 
4 valley  through  which  the  river  Effone  runs  ; 

4 and  part  of  this  valley  extends  from  Roiffy  to 

4 Efcharcon It  is  even  near  Roiffy  that 

4 turfs  were  firft  dug.  ....  Eut  thofe  near 
4 Efcharcon  are  the  bell 

4 The  meadows  where  turf  is  dug  are  open 
4 and  bad  : They  are  filled  with  rufhes,  horfe- 
4 tail,  and  other  plants  which  grow  in  bad  foils. 
4 Thefe  meadows  are  dug  to  the  depth  of  eight 
4 or  ten  feet.  ....  Next  to  the  upper  ftratum, 
4 there  is  a bed  of  turf  about  a foot  thick,  and 
4 impregnated  with  river  and  land  fhells.  . . . 

4 This  bed  of  turf  filled  with  fhells  is  com- 
4 monly  earthy  : Thofe  which  fucceed  are  near- 
4 ly  of  the  fame  thicknefs,  and  are  always  better 
4 as  we  defcend.  Thefe  turfs  are  of  a blackifh 
4 brown  colour,  intermixed  with  reeds,  rufhes, 

4 and 
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* and  other  plants.  We  fee  no  fhells  in  thefe 

* beds.  .... 

4 In  in  a îles  of  turf  we  fometimes  find  the 

* Hems  of  willow  and  poplars,  and  fometimes 
4 the  roots  of  thefe  and  fimilar  trees.  On  the 
4 Efcharcon  fide,  an  oak  was  difcovered  at  the 
4 depth  of  nine  feet.  It  was  black  and  almoft 
4 corrupted.  It  crumbled  into  duft,  after  being 
4 expofed  to  the  air.  Another  was  found,  on  the 
4 Roiffy  fide,  between  the  foil  and  the  turf,  at 
4 the  depth  of  two  feet.  Near  Efcharcon,  the 
4 horns  of  a flag  were  found  three  or  four  feet 
4 below  the  furface.  . . « 

4 Turfs  are  perhaps  equally  abundant  in  the 
4 environs  of  Etampes,  as  near  Villeroy.  Thefe 
4 turfs  contain  but  very  little  mofs.  Their  co- 
4 lour  is  a fine  black.  They  are  heavy,  and 
4 burn  well  in  an  ordinary  fire.  Good  charcoal 
4 might  be  made  of  them.  . . . 

4 The  turfs  in  the  neighbourhood  of  Etampes 
4 may  be  confidered  as  a continuation  of  thofe 
4 of  Villeroy.  In  a word,  all  the  meadows  ad- 
4 jacent  to  the  river  of  Etampes  are  probably 
4 full  of  turf.  The  fame  remark  is  applicable  to 
4 the  meadows  through  which  the  river  Eflbne 
4 runs:  Thefe  meadows  produce  the  fame  plants 
4 as  thofe  of  Etampes  and  Villeroy*.’ 

According  to  this  author,  there  are  in  France 
a number  of  places  from  which  turf  may  be  ob- 

* Mem.  del*  Acad.  des  Sciences,  année  j;6i,  p.  3S0— 397. 

tained, 
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tained,  as  at  Bourneuille,  at  Croué,  near  Beau- 
vais, at  Bruneval,  in  the  environs  of  Pe'ronne, 
in  the  diocefe  of  Troyes  in  Champagne,  &c. 
This  combuftible  fubftance  would  be  a great 
refource,  if  it  were  ufed  in  fuch  places  as  want 
wood. 

There  are  likewife  turfs  near  Vitri-  le- Fran- 
çois, and  in  the  morafs  along  the  Marne.  Thefe 
turfs  are  good,  and  contain  great  quantities  of 
acorn  fhells.  The  marfh  of  Saint-Gon  in  the 
environs  of  Chalons  is  full  of  turf,  wThich  the 
inhabitants  will  foon  be  obliged  to  ufe  for  want 
of  wood*. 


IÏL 

Of  Subterraneous , Petrified , and  Charred  Wood. 

4 IN  the  territories  of  the  Duke  of  Saxe-Co- 
4 bourg,  which  lie  on  the  frontiers  of  Franco- 
* nia  and  Saxe,  and  at  fome  leagues  from  the 
c town  of  Cobourg,  there  are  found,  at  a fmall 
4 depth,  whole  trees  fo  completely  petrified,  that 
c they  were  as  beautiful  and  hard  as  agates. 
4 Some  fpecimens  of  them  were  given  by  the 
4 Princes  of  Saxe  to  M.Schoepflin,  who  tranfmit- 

* Note  communicated  to  M,  de  BuiFon,  by  M.  Greignon, 
Aug.  6,  1777. 
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4 ted  two  of  them  to  M.  de  Buffon  for  the  royal 
4 cabinet.  Vafes  and  other  beautiful  utenfds 
4 have  been  made  of  this  petrified  wood*.’ 
Wood  in  its  natural  ftate  has  likewife  been 
found  at  great  depths.  M.  du  Verny,  an 
officer  of  artillery,  fent  me  fome  fpecimens  of 
it,  accompanied  with  the  following  letter  : 
4 The  town  of  Fère,  in  the  garrifon  of  which  I 
4 am  ftationed,  on  the  15th  of  Auguft  1753,  or- 
4 dered  a fearch  to  be  made  for  wTater  by  means 
4 of  boring  : At  39  feet  below  the  furface,  they 
4 found  a bed  of  marl,  which  they  continued  to 
4 pierce  for  1 2 1 feet  : Hence,  at  the  depth  of 
4 160  feet,  they  found,  at  two  different  trials, 
4 the  augre  filled  with  marl,  intermixed  with 
4 numerous  fragments  of  wood,  which  every 
4 perfon  eafily  recognifed  to  be  oak.  I fend 
4 you  two  fpecimens  of  this  wood.  During  the 
4 fucceeding  days’  operations,  they  continued  to 
4 find  the  fame  marl,  but  not  fo  much  mixed 

* with  wood,  as  far  as  the  depth  of  2ïo  feet, 
4 where  they  ceafed  to  boref.’ 

4 In  the  territory  of  Cobourg,  which  is  a 
4 branch  of  the  houle  of  Saxe,  we  fipd,’  M. 
Jufti  remarks,  4 petrified  wood  of  a prodigious 

* fize.  In  the  mountains  of  Mifhia,  entire  trees 
4 have  been  dug  out  of  the  earth,  which  were 
4 converted  into  very  fine  agate.  The  Imperial 

* Lettre  de  M.  Schoepflin,  Strasbourg , Sept.  24,  1746. 
f Lettre  de  M.  ËrefTe  du  Verny;  La  Fère,  Nov.  14,  1753. 
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6 cabinet  of  Vienna  contains  many  pétrifications 
4 of  this  kind.  A great  log  of  this  wood  was 
4 fent  to  the  fame  cabinet  : The  part  which  had 
4 been  wood  was  changed  into  a beautiful  agate 
4 of  a grayifh  black  colour;  and,  inftead  of  bark, 

4 the  trunk  was  furrounded  with  a belt  of  fine 
4 white  agate.  . . . 

4 The  prefent  Emperor  wifhed  that  a method 
* of  afcertaining  the  age  of  petrifa<ftions  might 
4 be  difcovered*  ......  He  ordered  his 

4 ambaffador  at  Conftantinople  to  afk  pennif- 
4 fion  to  take  up  from  the  Danube  one  of  the 
4 piles  of  Trajan’s  bridge,  which  is  fome  miles 
4 below  Belgrade.  This  permifiion  being  grant- 
4 ed,  one  of  the  piles  was  drawn  up,  which  it 
4 was  imagined  would  have  been  petrified  by 
4 the  water.  But,  after  fuch  a lapfe  of  time,  it 
4 was  difcovered  that  the  procefs  of  petrifaction 
4 had  made  very  little  progrefs.  Though  this 
4 pile  had  remained  in  the  Danube  above  i6co 
4 years,  the  petrifaction  had  not  proceeded  above 
€ three  quarters  of  an  inch,  and  even  lefs.  The 
4 reft  of  the  wood  was  very  little  altered,  and 
4 had  «>nly  begun  to  be  calcined. 

4 If  a juft  conclusion,  with  regard  to  all  other 
4 petrifa&ions,  could  be  drawn  from  this  fingle 
4 faCt,  Nature  would  perhaps  require  fifty  thou-. 
4 fand  years  to  change  trees,  of  the  fize  of  thofe 
4 found  petrified  m- certain  places,  into  (tones. 

4 But,  in  particular  fituations,  many  caufes  may 
4 concur  in  haftening  the  procefs  of  petrifac- 
4 tion.  .... 
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4 At  Vienna  there  is  to  be  feen  a petrified 
c log,  which  was  brought  from  the  Carpathian 
* mountains  in  Hungary.  Upon  this  log  the 
4 marks  of  the  hatchet,  which  had  been  made 
4 before  its  petrifadion,  are  diftin&ly  vifible  ; 
4 and  thefe  marks  are  fo  little  altered  by  the 
4 change  the  wood  has  undergone,  that  we  per- 
4 ceive  they  have  been  made  by  a fmall  inftru- 
4 ment 

4 Befides,  it  appears  that  petrified  wood  is  not 
4 fo  rare  as  is  commonly  imagined  ; and  that, 
4 to  difcover  it  in  many  places,  requires  only 
4 the  nice  eye  of  a naturalift.  Near  Mansfeld, 
4 I faw  a great  quantity  of  petrified  oak  in  a 
4 place  where  many  people  daily  pafs,  without 
4 perceiving  this  phænomenon.  Some  logs  were 
4 entirely  petrified,  and  in  thefe  we  diftindly 
4 perceived  the  rings  formed  by  the  annual 
4 growth,  the  bark,  the  place  where  they  were 
4 cut,  and  all  the  characters  of  oak-wood*/ 

M.  Ciozier,  who  found  different  pieces  of  pe- 
trified wood  upon  the  hills  in  the  neighbour- 
hood of  Etampes,  and  particularly  on  that  of 
Saint-Symphorien,  imagined  that  thefe  frag- 
ments might  have  proceeded  from  fome  petri- 
fied trunks  in  the  mountains.  He  therefore 
caufed  pits  to  be  dug  in  a part  of  the  mountain 
of  Saint-Symphorien  that  had  been  pointed  out 
to  him.  After  digging  feveral  feet  deep,  he  firft 

* Journal  Etranger,  mois  <F  Octobre  1756,  p,  260. 
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‘ difcovered  a petrified  root,  which  led  him  to  the 
trunk  of  a tree  of  the  fame  fpecies. 

This  root,  from  its  extremity  to  its  jundiou 
with  the  trunk,  was,  fays  M.  Clozier,  five 
feet  in  length  ; there  were  other  five  roots,  but 

not  equally  long 

The  middling  and  fmall  roots  were  not  pe- 
trified, or  at  lead  their  petrification  was  fo 
brittle,  that  they  remained  in  the  fand,  where 
the  trunk  was  in  the  form  of  powder  or  afhes. 
It  is  reafonable  to  think,  that,  when  the  procefs 
of  petrifaction  was  communicated  to  thefe  roots, 
they  had  been  almoft  corrupted,  and  that  the 
ligneous  parts  of  which  they  were  compofed, 
being  too  much  feparated  by  petrifaction,  could 
not  acquire  the  degree  of  folidity  necefiary  to  a 
genuine  petrifaction.  • . . 

The  thickeft  part  of  the  trunk  was  near  fix 
feet  in  circumference.  Its  length  was  three  feet 
ten  inches,  and  its. weight  was  from  five  to  fix 
hundred  pounds.  The  trunk,  as  well  as  the 
roots,  had  all  the  appearance  of  wood,  as  the 
bark,  the  inner  rind,  the  folid  and  corrupted 
wood,  the  holes  of  large  and  fmall  worms,  and 
even  the  excrements  of  thefe  worms.  All  thefe 
par.ts  were  petrified,  but  were  not  fo  folid  and 
hard  as  the  ligneous  body,  which  had  been  per- 
fectly found  when  the  procefs  of  petrifaction 
commenced.  The  ligneous  body  is  converted 
into  a real  flint  of  various  colours,  which  ftrikes 
vol.  ix.  cl  fire 
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fire  with  fteel,  and  produces,  after  being  flruck 
or  rubbed,  a very  ftrong  fmell  of  fulphur.  « . . 

This  petrified  trunk  was  bedded  in  a horizon- 
tal direction. ...  It  w-as  covered  with  more  than 
four  feet  of  earth,  and  its  root  was  not  above  two 
feet  below  the  furface 

M.  l’Abbé  Mazéas,  who  difcovered,  at  half  a 
mile  from  Rome,  a quarry  of  petrified  wood, 
expreffes  himfelf  in  the  following  terms  : 

4 This  quarry  of  petrified  w7ood  forms  a fuc- 
4 ceffion  of  hillocks  in  the  front  of  Monte- Ma- 
4 rio,  on  the  other  fide  of  the  Tiber.  . . . Of 
4 thefe  fragments  of  wood,  irregularly  heaped 
4 upon  each  other,  fome  have  the  appearance  of 
6 a hard  dry  earth,  which  feems  not  to  be  fit 
4 for  the  nourifhment  of  vegetables  : Others  are 
4 petrified,  and  have  the  colour,  the  brilliancy, 
4 and  the  hard  nefs  of  the  refill  known  in  the 

i 

4 {hops  by  the  appellation  of  colophcimn.  This 
4 petrified  wood  is  found  in  a foil  fimilar  to  the 
4 former,  but  more  moift.  Beth  are  perfectly 
4 well  preferved.  The  whole  are  reduced,  by 
4 calcination,  into  a true  earth;  and  none  of 
4 them  produce  allum,  either  by  the  application 
% of  fire,  or  by  combining  them  with  the  vitrio- 
4 lie  acid  f .’ 

M.  du  Monchau,  a phyfician  and  expert  na- 
turalift,  has  fent  me,  for  the  royal  cabinet,  a 

* Mem.  des  Savans  Etrangers,  tom.ii.  p.  598 — 604. 
f Mem.  des  Savans  Etrangers,  tom.  v.  p.  388. 
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piece  of  petrified  wood  with  the  following  histo- 
rical account  : 

4 The  piece  of  petrified  wood,  which  I have 
4 the  honour  of  tranfmitting  to  you,  was  found 
4 at  the  depth  of  more  than  150  feet  below  the 

4 furface Laft  year  (1754),  when  digging 

4 a pit  in  queft  of  coal,  at  Notre-Dame-au-bois, 

4 a village  fituated  between  Conde,  Saint- Amand, 

4 Mortagne,  and  Valenciennes,  we  found,  about 
4 600  fathoms  from  Efcaut,  and  after  pafiing 
4 three  water  levels,  firil  feven  feet  of  rock  or 
4 hard  ftone  called  tourtia  in  the  language  of 
4 colliers  ; afterwards,  when  we  arrived  at  a 
4 marfhy  earth,  we  found,  at  the  depth  of  150 
4 feet,  as  already  remarked,  the  trunk  of  a tree 
4 of  two  feet  in  diameter,  which  lay  acrofs 
4 the  pit,  and,  of  courfe,  we  were  prevented 
4 from  meafuring  its  length.  It  refted  upon  a 
4 large  free-ftone  ; and  many  pieces  were  cut 
4 off  from  this  trunk  by  the  curious.  The  fmall 
4 fragment  I have  the  honour  of  fending  you 
4 was  cut  off  from  a fpecimen  given  to  M.  Lau- 
4 rent,  a learned  mechanic.  . . . 

4 This  wood  feerned  rather  to  have  been  con- 
4 verted  into  coal  than  petrified.  How  could  a 
4 tree,  be  funk  fo  deep  into  the  earth  ? Has  the 
4 foil  in  which  the  tree  was  found  been  formerly 
4 as  low?  If  that  is  the  cafe,  how  could  this  foil 
4 be  augmented  150  feet?  From  whence  did  all 
4 this  earth  proceed  ? 

Q.2 
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4 The  feven  feet  of  tourtia  obferved  by  M, 

4 Laurent,  which  exifts  alfo  in  all  the  coal-mines 
6 for  ten  leagues  round,  have,  according  to  the 
4 above  fuppofition,  been  produced  pofterior  to 
4 this  accumulation  of  earth. 

4 I leave  this  matter,  Sir,  to  your  decifion:- 
4 You  are  fo  intimately  acquainted  with  Nature, 
4 that  none  of  her  myfteries  can  be  long  conceal- 
4 ed  from  you;  and  I have  no  doubt  that  you 
4 will  be  able  to  explain  this  wonderful  phæ- 
4 nomenon*.’ 

M.  Fougeroux  de  Bondaroy,  of  the  Roy^l 
Academy  of  Sciences,  relates  feveral  fads 
concerning  petrified  wood,  which  merit  atten- 
tion. 

4 All  the  fibrous  ftones,’  he  remarks,  4 which 
4 have  fome  refemblance  to  wood,  are  not  petri- 
4 fied  wood.  But  there  are  many  others  which 
4 muft  be  recognifed  as  fuch,  efpecially  if  we  at* 
4 tend  to  the  peculiar  organization  of  vege^ 
4 tables 

4 Fads  are  not  wanting  to  prove  that  wood 
4 may  be  converted  into  ftone,  with  as  much 
4 eafe  at  leaf!  as  feveral  other  fubftances  which 
4 inconteftibly  undergo  this  tranfmutation.  But 
4 it  is  difficult  to  explain  how  this  effed  is  pro- 
4 duced.  I hope  I may  be  permitted  to  hazard 
4 fome  conjedures  on  the  fubjed,  which  I ffiall 

* Lettre  de  M.  Dumonchau  à M.  d Eu  (Ton  ; Douai,  Jan.  29/ 
»75î- 
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endeavour  to  fupport  by  fads  and  obferva- 
tions. 

4 We  find  wood  which  may  be  confidered  as 
only  half  petrified*  and  not  much  heavier  than 
common  wood.  Specimens  of  this  kind  are 
eafily  divided  into  plates,  or  even  , into  fila- 
ments, like  certain  corrupted  timber.  Others 
are  more,  petrified,  and  have  the  weight,  the 
hardnefs,  and  the  opacity  of  free-ftone. 
Others,  whofe  petrifaction  is  ftill  more  perfect, 
admit  the  fame  polifh  as  marble  ; while  others 
acquire  that  of  fine  oriental  agates.,  I have  an 
excellent  fpecimen  fent  from  Martinico  to  M. 
du  Hamel,  which  is  converted  into  a molt 
beautiful  fardonix.  Laftly,  we  find  wood 
changed  into  flate.  Among  thefe  fpecimens, 
there  are  fome  which  have  retained  the  orga- 
nization of  wood  fo  completely,  that  we  dif- 
cover  with  a lens  every  appearance  exhibited 
in  unpetrified  wood. 

4 We  have  feen  fome  fpecimens  encrufted 
with  a fandy  iron  oi*e,  and  others  penetrated 
with  a fubftance  which,  being  compofed  of  ful- 
phur  and  vitriol,  makes  them  approach  the 
ftate  of  pyrites.  Some  of  them  are,  if  we 
may  ufe  the  expreffipn,  larded  with  a very 
pure  iron  ore  ; and  others  are  traverfed  by 
veins  of  very  black  agate* 

4 We  find  pieces  of  wood,  one  part  of  which 
is  converted  into  a ftone,  and  the  other  int<? 

0^3  ‘ agate;" 
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6 agate  : The  part  converted  into  ftone  is  ten- 
4 der  ; but  the  other  has  the  hardnefs  peculiar 
4 to  precious  ftones. 

6 But,  how  fhould  certain  pieces,  though  con- 
4 verted  into  hard  agate,  preferve  the  diftinCt 
4 characters  of  organization,  as  the  concentric 
4 circles,  the  infertions,  the  extremities  of  the 
4 tubes  deftined  to  tranfmit  the  fap,  the  bark, 

4 the  inner  rind,  and  the  wood?  If  the  vege- 
4 table  fubftance  were  entirely  deftroyed,  we 
4 fhould  only  fee  an  agate,  without  any  of  the 
4 organic  characters  formerly  mentioned.  To 
4 preferve  this  appearance  of  organization,  if  we 
4 fuppofe  that  the  wood  fubfifts,  and  that  the 
4 pores  alone  are  filled  with  the  petrifying  juice, 
4 it  fhould  appear,  that  the  vegetable  parts  might 
4 be  extracted  from  the  agate.  But  I could  ne- 
4 ver  make  any  progrefs  in  this  operation:  I 
4 therefore  think,  that  the  fpecimens  in  queftion 
4 retain  no  parts  which  have  preferved  the  na- 
4 ture  of  wood.  To  give  perfpicuity  to  my 
4 idea,  I beg  the  reader  to  recolleCt,  that,  wdien 
4 a piece  of  wood  is  diftilled  in  a retort,  the  coal 
4 which  remains  after  diftillation  is  not  a fixth 
4 part  of  the  original  weight  of  the  wood. 
4 When  this  coal  is  burnt,  we  obtain  only  a 
4 fmali  quantity  of  afhes,  which  will  {till  dimi- 

4 nifh  after  the  lixivial  faits  are  abftraCted. 

4 This  fmali  quantity  of  afhes  being  the  only 

5 fixed  part,  the  chemical  analyfis  proves,  that 

4 the 
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4 the  fixed  parts  of  a piece  of  wood  are  really 
* very  trifling,  and  that  the  greateft  portion  of 
4 vegetable  matter  is  deftruftible,  and  may  be 
4 gradually  carried  off,  as  the  wood  corrupts. 

6 Now,  if  we  confider  that  the  greater  part  of 
4 the  wood  is  deftroyed,  and  that  what  remains 
4 is  a light  earth,  and  eafily  permeable  by  the 
4 petrifying  juice,  its  converfion  into  ftone, 

4 agate,  or  fardonix,  will  not  be  more  difficult  to 
4 conceive  than  that  of  bole,  clay,  or  any  other 
4 earth.  The  only  difference  is,  that  the  vege- 
4 table  earth  preferves  the  appearance  of  organi- 
4 zation,  and  the  petrifying  juice  infinuates  into 
4 its  pores,  without  deftroying  its  original  cha- 
4 rafters*.* 

Some  fafts  and  obfervations  remain  ftill  to 
be  added.  In  Auguft  1773,  at  Montigni-fur- 
Braine,  in  the  diftrift  of  Challon  and  judifdic- 
tion  of  Auxonne,  when  digging  a*  copper  mine, 
the  workmen,  at  the  depth  of  33  feet,  found  a 
tree  lying  on  its  fide;  but  the  fpecies  of  it  could 
not  be  difcovered.  The  fuperior  ftrata  feemed 
to  have  never  been  touched  by  the  hand  of 
man  ; for,  below  the  foil,  there  was  a bed  of  8 
feet  of  clay;  then  10  feet  of  fand;  then  a bed 
of  fullers  earth  about  6 or  7 feet;  then  another 
bed  of  the  fame  mixed  with  ftones;  and,  laftly, 
a bed  of  black  fand  of  3 feet.  The  tree  was 

* Mem.  del’Acad.  des  Sciences,  année  1759,  p.  431—4 52. 

0^4  found 
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found  in  the  fullers  earth.  The  river  Braine 
is  to  the  eaft,  and  not  above  a gun-fhot  from 
this  place.  It  runs  in  a meadow  So  feet  lower 
than  the  fite  of  the  copper  *• 

M.  de  Grignon  informed  me,  that,  on  the 
borders  of  the  Marne,  near  St.  Dizier,  there  is 
a bed  of  pyritous  wood,  the  organization  of 
which  is  apparent.  This  bed  is  fituated  under 
a ftratum  of  free-ftone,  which  is  covered  with 
a ftratum  of  pyrites,  and  above  the  pyrites  is  a 
ftratum  of  lime-ftone.  The  bed  of  pyritous  wood 
lies  upon  a blackifh  clay. 

He  likewife  found,  in  the  pits  dug  for  difco- 
vering  the  fubterraneous  town  of  Châtelet,  in- 
ftruments  of  iron  with  wooden  handles.  He 
•remarked  that  this  wood  was  converted  into  a 
genuine  iron-ore  of  the  hematites  fpecies.  The 
organization  of  the  wood  was  not  deftroyed  ; 
but  it  was  brittle,  and  its  whole  texture  was  as 
clofe  as  that  of  the  hematites.  Thefe  iron  in- 
ftruments  with  wooden  handles  had  been  buried 
in  the  earth  fixteen  or  feventeen  hundred  years. 
The  converfion  of  the  wood  into  hematites  had 
been  affeëted  by  the  decompofition  of  the  iron, 
which  had  gradually  filled  all  the  pores  of  the 
wood. 

* Lettre  de  Mad.  la  Comtefte  de  Clermont- Montoifon  à M.  de 
Buffon. 
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IV. 

» 

Of  Bones  fometimes  found  in  the  interior  Parts  of 
the  Earth . 

4 IN  the  parifh  of  Haux,  which  is  fituated 
4 between  two  feas,  and  about  half  a league 
4 from,  the  port  of  Langoiran,  a point  of  a rock, 

4 of  1 1 feet  high,  detached  itfelf  from  the  coaft, 

4 which  was  formerly  30  feet  high.  By  its  fall 
4 it  fpread  over  the  valley  a great  quantity  of 
4 animal  bones  or  fragments  of  bones,  fome  of 
4 which  were  petrified.  That  they  are  bones  is 
4 unqueftionable  ; but  it  is  difficult  to  afcertain 
4 the  animals  to  which  they  belong.  The  greateft 
4 number  confifts  of  teeth  ; fome  of  them  perhaps 
4 belong  to  the  ox  or  hone  ; but,  without  marking 
4 the  difference  in  figure,  moft  of  them  are  larger 
4 than  the  teeth  of  thefe  animals.  There  are 
4 likewife  thigh  or  leg-bones,  and  a fragment 
4 of  a flag  or  elk’s  horn.  The  whole  are  cover- 
4 ed  with  common  earth,  and  fituated  between 
4 two  ftrata  of  rock.  We  muff  luppofe  that  the 
4 carcaffes  of  animals  have  been  thrown  into  a 
4 hollow  rock,  and,  after  the  flefh  had  corrupt- 
4 ed,  a rock  of  1 1 feet  high  had  been  formed 
4 above  them,  which  would  require  the  opera- 
4 tion  of  many  ages.  ... 

4 The  Gentlemen  of  the  Academy  of  Bour- 
4 deaux,  who  examined  thefe  bones  with  phi— 

4 lofophical 
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4 lofophicàl  accuracy,  f difcovered,  that,  when  a 
4 number  of  fragments  were  put  on  a very 
4 brifk  fire,  they  were  converted  into  a fine  Tur- 
4 quois  blue  ; and  that  fome  portions  became  fo 
4 hard,  that,  when  cut  by  a lapidary,  they 
4 received  a fine  polifh.  ...  It  mu  ft  alfo  be 
4 remarked,  that  bones  which  evidently  belong- 
4 ed  to  different  animals  wrere  equally  converted 
4 into  Turquois  %9 

4 On  the  28th  of  January  1760/  fays  M.  de 
Guettard,  4 there  were  found,  160  fathoms 
4 above  the  mineral  baths,  bones  included  in  a 
4 rock  with  a gray  furface.  This  rock  was  nei- 
1 ther  laminated  nor  confifted  of  feparate  ftrata, 
4 but  was  one  continued  mafs  of  ftone.  . . . 

4 After  having,  by  means  of  gun-powder, 
4 penetrated  five  feet  deep  into  this  rock,  we 
4 found  a great  number  of  human  bones  belong- 
4 ing  to  every  part  of  the  body,  as  jaw-bones 
4 with  their  teeth,  bones  of  the  arms,  thighs, 
4 limbs,  ribs,  rotulæ,  &c.  jumbled  together  in 
4 the  greateft  diforder.  Entire  fkulls,  or  por- 
* tions  of  them,  chiefly  prevailed. 

4 Befide  thefe  human  bones,  we  met  with 
4 feveral  fragments  which  could  not  be  afcribed 
6 to  man.  In  fome  places,  they  are  in  continued 
4 maffes,  and  in  others  more  difperfed.  . . 

* When  we  arrived  at  the  depth  of  four  feet 
4 and  a half,  ,we  found  fix  human  heads  in  an 

* Hilt,  de  V Acad,  des  Sciences,  année  1719,  p.  24. 

4 inclined 
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« inclined  pofition.  In  five  of  thefe  heads,  the 
4 occiput  with  its  appendages,  except  the  bones 
4 of  the  face,  were  preferved.  This  occiput  was 
4 partly  encrufted  with  ftone,  its  cavity  was  fill— 

4 ed  with  ftone,  and  had  affirmed  the  fame  mould 
4 or  figure.  In  the  fixth  head,  the  face  is  en- 
4 tire  : It  is  broad  in  proportion  to  its  length. 

4 We  eaiily  diftinguifh  the  form  of  the  fieftiy 
4 cheeks.  The  eyes  are  (hut,  pretty  long,  but 
4 narrow.  The  front  is  large,  and  the  nofe 
4 very  flat,  but  w7ell  formed  ; the  middle  line 
4 is  diftinguifhable.  The  mouth  is  well  made, 

4 and  fhut  ; the  upper  lip  is  a little  thick  in  pro- 
4 portion  to  the  under.  The  chin  is  well  pro- 
4 portioned,  and  the  whole  mufeles  are  ftrongiy 
4 marked.  The  colour  of  the  head  is  reddifh, 

4 and  refembles  thofe  of  the  Tritons  feigned  by 
4 painters.  Its  fubftance  is  fimilar  to  that  of 
4 the  ftone  in  which  it  was  found  ; it  is,  pro- 
4 perly  fpeaking,  only  the  mafic  of  the  natural 
4 head.5 

The  above  relation  was  fent  by  M.  le  Baron 
de  Gaillard-Lonjumeau  to  Madame  de  Boisjour-< 
dain,  who  tranfmitted  it  to  M.  Guettard,  with 
fome  fpecimens  of  the  bones.  That  thefe  bones 
were  really  human,  is  a very  doubtful  point  ; 
4 for  every  appearance  in  this  quarry,5  M.  de 
Lonjumeau  remarks,  4 announces  that  it  has 
4 been  formed  of  relicks  of  bodies  broken  in 
4 pieces,  and  which  had  been  long  toffed  about 
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4 by  the  waves  of  the  feabefoçe  they  were  col- 
6 leded  into  one  heap.  As  this  mais  of  bones 
4'  lies  horizontally,  and  has  been  fucceffively  co- 
k vered  with  ftony  matter,  it  is  eafy  to  conceive 
4 how  a mafk  was  formed  on  the  faces  of  thofe 
4 heads,  the  flefh  having  little  time  to  corrupt, 
4 cfpecially  when  the  bodies  were  buried  under 
4 the  water.  We  may,  therefore,  reafonably 
4 conclude,  that  thefe  heads  were  not  human.  . . . 
4 They  rather  feem  to  be  the  heads  of  thofe  fifhes, 
4 whofe  teeth  are  found  in  the  fame  parts  of  the 
4 ftones  along  with  the  bones  fuppofed  to  belong 
4 to  the  human  fpecies. 

4 It  appears  that  the  colle&ion  of  bones  in 
4 the  environs  of  Aix,  are  fimilar  to  thofe  dif- 
4 covered  fome  years  ago  by  M.  Borda  near  Dax 
4 in  Gafcony.  The  teeth  difco vered  at  Aix,  by 
4 the  defcription  given  of  them,  feem  to  re- 
4 femble  thofe  found  at  Dax,  of  which  an  under 
4 jaw  is  (till  preferved.  This  jaw  unquefiion- 
4 ably  belongs  to  a large  fifh.  ...  I muft,  there- 
4 fore,  conclude,  that  the  bones  in  the  quarry  of 
4 Aix  are  fimilar  to  thofe  difcovered  at  Dax  ; . . 

4 and  that  thefe  bones,  whatever  they  are, 

4 fhould  be  referred  to  the  fkeletons  of  fifhes 
4 rather  than  to  thofe  of  man.  . . . 

4 One  of  the  heads  in  queflion  was  about  fe- 
4 ven  and  a half  inches  long  by  three  and  fome 
4 lines  bread.  Its  figure  is  that  of  an  oblong 
4 globe,  fiat  at  the  bale,  thicker  at  the  pofterior 
12  4 thar£. 
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than  the  anterior  end,  and  divided  in  the  broad- 
eft  part  by  feven  or  eight  bands  from  feven 
to  twelve  lines  wide.  Each  band  is  like  wife 
divided  into  two  equal  parts  by  a flight  fur- 
row. The  bands  extend  from  the  bafe  to  the 
fum mit*  Thofe  of  one  fide  are  feparated  from 
thofe  of  the  other  by  another  and  deeper  fur- 
row, which  gradually  enlarges  from  the  ante- 
rior to  the  pofterior  part. 

4 From  this  defcription  we  cannot  recognize 
the  mould  of  a human  head.  The  bones  of 
man’s  head  are  not  divided  into  bands.  The 
human  head  is  compofed  of  four  principal 
bones,  the  figures  of  which  appear  not  in  the 
mould  above  defcribed.  It  has  not  an  interior 
creft  which  extends  longitudinally  from  the 
anterior  to  the  pofterior  part,  and  divides  it 
into  two  equal  parts,  which  might  give  rife  to 
the  furrow  on  the  luperior  part  of  the  ftony 
mould. 

4 Thefe  ccnfiderations  induce  me  to  think, 
that  this  fubftance  is  rather  the  body  of  a nau- 
tilus than  a human  head.  There  are  nautili 
a&ually  divided  into  bands  or  bucklers  like  this 
mould.  They  have  a channel  or  furrow  which 
runs  along  the  whole  curvature,  and  divides 
them  into  two,  from  which  the  ftony  furrow 
might  derive  its  origin  &c. 

* Mem.  de  l’Acad.  des  Sciences,  année  1760,  p.  209 — 218. 

I am 
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I am  perfuaded,  as  well  as  M.  le  Baron  de 
Lonjumeau,  that  thefe  heads  never  belonged  to 
men,  but  to  animals  of  the  feal  kind,  to  fea-< 
otters,  and  to  fea-lions  or  bears.  It  is  not  at 
Aix  or  Dax  alone,  that  the  heads  and  bones  of 
thefe  animals  are  found  in  rocks  and  caverns. 
His  Highnefs  the  prefent  Prince  Marcgrave  of 
Anfpach,  who  to  great  affability  unites  a re- 
markable tafte  for  knowledge,  has  been  fo 
obliging  as  to  give  me,  for  the  Royal  Cabinet, 
a collection  of  bones  from  the  caverns  of  Gail- 
lenrente  in  his  Marcgraviate  of  Bareith.  M. 
Daubenton  has  compared  thefe  bones  with  thofe 
of  the  common  bear,  from  which  they  differ 
only  by  being  larger.  The  head  and  teeth  are 
longer  and  thicker  ; and  the  muzzle  is  longer 
and  more  protuberant  than  in  our  largeft  bears. 
In  this  collection,  with  which  this  noble  Prince 
has  enriched  our  cabinet,  there  is  a head  which 
naturalifts  have  denominated  the  head  of  M . de 
Bujfon  s [mall feal  ; but,  as  we  know  not  the  form 
and  ftruCture  of  the  heads  of  fea-lions,  bears, 
and  large  and  fmall  feals,  we  fhall  fufpend  our 
judgment  concerning  the  animals  to  which  thefe 
foffil  bones  have  appertained. 
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ADDITIONS  to  the  Article , Of  the 
Changes  of  Sea  into  Land , voh  i.  p.  483* 

IN  travelling  the  coafts  of  France,  we  perceive 
that  a part  of  Brittany,  Picardy,  Flanders,  and 
Lower  Normandy,  have  very  recently  been  de- 
ferred by  the  fea  ; becaufe,  through  all  this  ex- 
tent of  country,  we  ftill  find  great  quantities  of 
oyfters,  and  other  {hells,  in  their  natural  ftate. 
We  are  certain,  from  experience,  that,  for  a cen- 
tury paft,  the  fea  has  been  retiring  from  the 
coaft  of  Dunkirk.  When  the  moles  of  this  port 
were  conftrucling  in  the  year  1670,  the  fort  of 
Good-hope,  which  terminates  one  of  thefe  moles, 
was  built  upon  piles  a great  way  beyond  the 
low- water  mark.  But,  at  prefent,  the  water 
never  advances  nearer  this  fort  than  300  fa- 
thoms. In  1714,  when  the  new  harbour  of 
Mardik  was  deepening,  the  moles  were  likewife 
carried  beyond  the  low  water-mark  ; but  now, 
when  the  tide  is  ebb,  there  is  a dry  fpace  of 
more  than  500  fathoms.  If  the  fea  continues, 
thus  gradually  to  retire,  Dunkirk,  like  Aigue- 
mortes,  will,  in  a few  centuries,  be  no  longer  a 
fea-port.  If  the  fea  has  loft  ground  fo  confider- 
§ „ ably 
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ably  in  our  times,  how  far  mud  it  have  retired 
fince  the  beginning  of  the  world  * ? 

The  bare  infpedion  of  Saintonge  is  fufficient 
to  convince  us,  that  it  was  formerly  covered  by 
the  fea.  The  ocean  having  abandoned  theie 
lands,  the  Charente  followed  as  the  waters  re- 
tired, and  formed  a river  where  formerly  there 
was  only  a great  lake  or  morafs.  The  country 
of  Aunis,  which  was  anciently  covered  by  the 
fea  and  ftagnant  waters,  is  one  of  the  mod 
recent  lands  of  France.  It  is  even  probable  that 
this  territory  was  a morafs  about  the  end  of  the 
fourteenth  century  j\ 

It  appears,  therefore,  that  the  ocean,  during 
fome  centuries,  has  retired  many  feet  from  all 
our  coafts  ; and  if  we  examine  thofe  of  the  Me- 
diterranean, from  Rouffillon  to  Provence,  we 
fhall  find  that  this  fea  has  likewife  retreated 
nearly  in  the  fame  proportion.  Thefe  fads 
render  it  evident,  that  the  circumference  of  all 
the  coafts  of  Spain  and  Portugal,  as  well  as  thofe 
of  France,  is  greatly  extended.  The  fame  oh- 
fervation  has  been  made  with  regard  to  Sweden, 
where  fome  philofophers  have  conjedured,  that, 
in  the  courfe  of  4000  years,  the  Baltic,  the  depth 
of  which  exceeds  not  thirty  fathoms,  will  be 
totally  abandoned  by  the  waters. 

* Mem.  pour  la  Subdelegation  de  Dunkerque,  relativement  à la 
Hi  ft.  Nat.  de  ce  Canton. 

f Extrait  de  l’Hift.  de  la  Rochelle,  Art.  2 et  5^ 


if 
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If  fimilar  obfervations  were  made  in  every 
country,  I am  perfuaded,  that,  in  general,  the 
fea  would  be  found  to  have  retired  from  every 
coaft.  The  fame  caufes  which  produced  its  firffc 
retreat  and  fucceffive  finking,  are  not  abfolutely 
annihilated.  In  the  beginning,  the  fea  was  two 
thoufand  fathoms  above  its  prefent  level.  The 
immenfe  fwellings  on  the  furface  of  the  globe, 
which  firft  fubfided,  made  the  waters  fink,  at 
firft  rapidly,  and  afterwards  in  proportion  as  the 
more  inconfiderable  caverns  gave  way.  The 
fea,  of  courfe,  was  proportionally  deprefled  ; and, 
as  many  caverns  ftill  exift,  which  mud,  from 
time  to  time,  fink,  either  by  the  action  of  vol- 
cano’s, by  the  force  of  water,  or  by  earthquakes, 
we  may  with  certainty  predift,  that  the  ocean 
will  continue  to  retire,  and,  confequently,  that 
the  extent  of  all  our  continents  will  be  gradually 
augmented. 
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FACTS  and  ARGUMENTS 


COUNT  DE  BUFFON’s 

EPOCHS  OF  NATURE. 


H E treatife  compofed  by  the  Count  de 


Bufîbn,  under  the  title  of  Les  Epoques  de 
la  Nature , is  exceedingly  ingenious.  It  is  in- 
tended to  eftablifh,  by  fads  and  reafoning,  his 
Theory  of  the  Formation  of  the  Planets*.  But 
as  this  theory,  however  it  may  be  relifhed  on 
the  Continent,  is  perhaps  too  fanciful  to  receive 
the  general  approbation  of  the  cool  and  delibe- 
rate Briton,  the  tranflator  has  been  advifed  not 
to  render  it  into  Englifh.  Many  of  the  fads, 
however,  are  too  important  to  be  omitted.  In- 
ftead  of  a regular  tranflation,  therefore,  he  (hall 
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give  a general  view  only  of  the  pofitions  laid 
down  in  this  treatife,  together  with  the  moll  in- 
terefting  fads  produced  in  fupport  of  thefe  pofi- 
tions. 

The  Count  de  Buffon  begins  his  fubjed  with 
a preliminary  difcourfe,  in  which  he  endeavours 
to  unfold  the  different  changes  the  terreflrial 
globe  has  undergone  from  its  firft  projedion  out 
of  the  fun  to  the  prefent  time.  In  this  difcourfe 
the  author  obferves  the  following  order  : 1 . He 
mentions  fuch  fads  as  may  lead  us  to  the  origin 
ôf  Nature.  2.  Remarks  thofe  monuments  which 
ought  to  be  regarded  as  the  evidences  of  the  firft 
ages.  3.  He  colleds  fuch  traditions  as  may  con- 
vey fome  idea  of  the  ages  which  fucceeded.  After 
which,  fays  he,  we  fhall  endeavour  to  conned 
the  whole  by  analogies,  and  to  form  a chain 
which,  from  the  commencement  of  time,  fhall 
defcend  to  the  prefent  days. 


First  Fact. 


The  earth  is  elevated  at  the  equator  and  de~ 
preffed  at  the  poles,  in  the  proportion  required 
by  the  laws  of  gravity  and  of  the  centrifugal 
force. 
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Second  Fact. 

The  earth  poffefles  an  internal  heat  which  is 
proper  to  itfelf,  and  independent  of  that  commu- 
nicated to  it  by  the  rays  of  the  fun. 

Third  Fact. 

The  heat  conveyed  to  the  earth  by  the  fun  is 
very  fmall  when  compared  with  the  heat  proper 
to  the  globe  ; and  this  heat  tranfmitted  by  the 
fun  would  not  alone  be  fufficient  to  fupport  ani- 
mated nature. 

Fourth  Fact. 

The  materials  of  which  the  earth  is  compofed 
are,  in  general,  of  a vitreous  nature,  and  the 
whole  of  them  may  be  converted  into  glafs. 

Fifth  Fact. 

■# 

We  find  on  the  whole  furface  of  the  earth, 
and  even  on  the  mountains,  to  the  height  of 
1500  and  2000  fathoms,  an  immenfe  quantity 
of  fhells  and  other  relicks  of  marine  produc- 
tions. 
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The  firft  fad,  namely,  the  elevation  of  the 
globe  at  the  equator  and  its  depreflion  at  the 
poles,  has  been  mathematically  demonftrated  and 
phyfically  proved  by  the  theory  of  gravitation, 
and  by  experiments  with  the  pendulum.  The 
figure  of  the  earth  is  precifely  the  fame  which  a 
fluid  globe  revolving  round  its  axis  with  equal 
celerity  would  aflame.  Hence  the  matter  of 
which  the  earth  is  compofed  was  in  a ftate  of 
fluidity  the  moment  it  aflumed  its  form,  and  this 
moment  happened  whenever  it  began  to  turn 
round  its  own  axis.  Now,  though  heat  is  the 
general  caufe  of  fluidity,  fince  water  itfelf,  with- 
out heat,  would  form  a folid  mafs,  we  have  two 
methods  of  conceiving  the  poflibility  of  the  pri- 
mitive fluid  ftate  of  the  earth.  The  firft  is  the 
folution  of  terreftrial  matters  in  water  ; and 
the  fécond  is  their  liquefadion  by  fire.  But 
moft  of  the  folid  matters  of  which  the  earth  is 
compofed  are  not  foluble  in  water  ; and,  at  the 
fame  time,  the  quantity  of  water,  in  proportion 
to  that  of  dry  and  folid  matter,  is  fo  fmall,  that 
it  is  impoflible  the  one  could  be  difiolved  by  the 
other.  Of  courfe,  as  this  ftate  of  fluidity  could 
not  be  effeded  by  diflolution  or  maceration  in 
water,  this  fluidity  muft  have  been  produced  by 
the  operation  of  fire. 

This  ccnclufion  afiumes  a new  degree  of 
probability  from  the  fécond  fad,  and  is  ren- 
dered certain  by  the  third.  The  internal  heat 
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of  the  globe,  which  ftill  fubfifts  partially,  and 
is  greater  than  that  afforded  by  the  fun,  fhews 
that  this  primitive  fire  is  not  yet  nearly  difii- 
pated.  The  furface  of  the  earth  is  colder 
than  its  interior  parts.  Uncontrovertible  and 
reiterated  experiments  evince,  that  the  whole 
mafs  of  the  globe  has  a heat  proper  to  itfelf, 
and  totally  independent  of  that  of  the  fun. 
This  heat  is  rendered  evident  by  comparing 
our  winters  with  our  fummers  * ; and  it  is  ftill 
more  palpable  when  we  penetrate  into  the  bowels 
of  the  earth.  At  equal  depths,  it  is  invariably 
the  fame,  and  it  appears  to  augment  in  proportion 
as  we  defcend. 

4 At  no  great  depth,  we  perceive  a heat  which 
4 never  varies  with  the  temperature  of  the 
4 atmofphere.  We  know,  that  the  liquor  of  the 
c thermometer  remains,  during  the  whole  year, 

4 at  the  fame  height  in  the  caves  of  the  Obferva- 
* tory,  which  exceed  not  84  feet  or  14  fathoms 
4 below  the  furface.  Hence  this  point  has 
4 been  fixed  as  the  mean  temperature  of  our 
4 climate.  This  heat  commonly  continues 
4 nearly  the  fame  from  14  or  15  to  60,  80,  or 
4 100  fathoms,  more  or  lefs,  according  to  cir- 
4 cumftances,  as  we  experience  in  our  mines. 
4 Beyond  this  depth  it  augments,  and  fome- 

* See  Suppl . tom.  i.  part  i.  and  particularly  the  two  Memoirs, 
fur  la  Temperature  des  Planètes,  Suppl,  tom.  ii. 
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times  becomes  fo  great,  that  the  workmen 
could  not  fupport  it,  if  they  were  not  cooled 
by  frefli  air,  either  from  air- pits,  or  from  falls 
of  water.  . , M.  de  Genfanne  found,  that, 
in  the  mines  of  Giromagny,  three  leagues 
from  Béfort,  when  the  thermometer  was  car- 
ried 52  fathoms  deep,  it  ftood  at  10  degrees, 
as  in  the  caves  of  the  Qbfervatory  ; that,  at 
106  fathoms  deep,  it  ftood  at  10L  degrees;  that, 
at  158  fathoms,  it  mounted  to  154.  degrees; 
and  that,  at  222  fathoms,  it  rofe  to  184  de- 
grees 

4 In  proportion  as  we  defcend  into  the  bowels 
of  the  earth,’  M.  de  Genfanne  remarks,  4 we 
perceive  a fenfible  increafe  of  heat.  1800 
feet  below  the  level  of  the  Rhine,  at  Hunin- 
guen  in  Alface,  I found,  that  the  heat  was  fo 
great,  as  to  produce  a fenfible  evaporation 
from  water.  A detail  of  my  experiments”  on 
this  fubjed  may  be  feen  in  the  laft  edition  of 
that  excellent  Traité  de  la  Glace  compofed  by 
my  deceafed  illuftrious  friend  M.  Dortous  de 
Mairan  f.’ 

4 All  the  rich  veins  of  every  fpecies  of  me- 
tal,’ fays  M.  Eller,  4 are  in  the  perpendicular 
fiffures  of  the  earth  ; and  the  depth  of  thefe 
fiflures  cannot  be  afcertained.  In  Germany, 
fome  of  them  have  been  traced  above  6000 

* Differt.  fur  la  Glace,  par  M.  Mairan,  p.  6 o. 

f Hitt.  Nat.de  Languedoc,  tom.  i.  p.  24, 
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4 feet  deep.  In  proportion  as  the  miners  de- 
4 fcend,  they  feel  that  the  temperature  of  the 
4 air  becomes  always  hotter 

Though  our  deepeft  mines  and  pits  are 
inconfiderable  excavations,  yet  the  internal 
heat  is  more  fenfibly  felt  in  them  than  on  the 
furface.  We  may,  therefore,  prefume,  that, 
if  we  could  penetrate  dill  deeper,  this  heat 
would  increafe,  and  that  the  parts  near  the 
centre  of  the  earth  are  hotter  than  thofe  more 
diftant.  This  internal  heat  is  likewife  ap- 
parent from  the  temperature  of  the  ocean, 
the  waters  of  which,  at  equal  depths,  ex- 
hibit nearly  the  fame  heat  as  that  of  the  in- 
terior parts  of  the  earth.  4 Having  plunged  a 
4 thermometer,’  M.  Marfigii  remarks,  4 into  the 
4 fea  in  different  places  and  at  different  times, 
4 it  was  found  that  the  temperature  at  io,  20, 
4 30,  and  120  fathoms,  was  equally  from  10  to 
4 io|-  degrees  f .’  On  this  fubjeâ:  M.  de  Mai- 
ran  judicioufly  remarks,  4 that  the  hotted  wa- 
4 ters  which  are  at  the  greateft  depth,  mud,  as 
4 being  the  lighted,  continually  afcend  above 
4 thofe  that  are  heavier.  Hence,  according  to 
4 Marfigli’s  obfervations,  the  temperature  of  this 
1 immenfe  body  of  water  mud  be  always  near- 
* ly  equal,  except  near  the  furface,  which  is 

* Mem.  far  la  Generation  des  Métaux.  Academie  de  Berlin, 
année  1733. 

4 L’idift.  phyfique  de  la  Mer,  par  Marfigli,  p.  16. 
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€ expofed  to  the  impreffions  of  the  air,  where 
c the  water  fometimes  freezes  before  it  has  time 
4 to  defcend  by  its  own  weight  and  coolnefs  *.* 
Befides,  it  is  eafy  to  fhow,  that  the  fluidity  of 
the  Qcean  ought  not,  in  general,  to  be  afcribed 
to  the  powers  of  the  folar  rays  ; fince  we  learn 
from  experience,  that  the  light  of  the  lun 
does  not  penetrate,  the  mo  ft  limpid  water  above 
fix  hundred  feet;  and,  of  cour fe,  that  its  heat 
will  not  reach  above  a fourth  part  of  that 
depth,  or  one  hundred  and  fifty  feet.  The 
late  M.  Bouguer,  a learned  aftronomer  of  the 
Royal  Academy  of  Sciences,  found,  that,  when 
fixteen  pieces  of  common  giafs  were  applied 
to  each  other,  and  making  a thicknefs  of  9*- 
lines,  the  light,  in  palling  through  thefe  fixteen 
pieces  of  giafs,  was  diminilhed  247  times.  He 
then  placed  feventy-four  pieces  of  the  fame 
giafs,  in  a tube,  and  at  fome  diftance  from 
each  other.  When  this  experiment  was  made, 
the  fun  was  50  degrees  above  the  horizon.  A 
very  faint  appearance  of  the  fun’s  dilk  was  ftill 
perceptible  through  thefe  74  pieces  of  giafs. 
The  perfons  who  attended  him  could  likewife 
perceive,  but  with  difficulty,  a feeble  light. 
But,  when  other  three  pieces  of  giafs  were  ad- 
ded to  the  feventy-four,  none  of  them  could 
diftinguiffi  the  fmalleft  veftige  of  light.  Hence, 


* Divert,  fur  la  Glace,  p.  69. 
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if  we  fuppofe  eighty  pieces  of  the  fame  glafs, 
we  hate  a thicknefs  which  will  render  it  per- 
fectly opaque. 

From  this  analogy  between  the  tranfparency 
of  glafs  and  water,  M.  Bouguer  found,  that,  to 
render  lea-water,  which  is  the  moll  limpid  of 
all  waters,  perfectly  opaque,  a thicknefs  of  256 
feet  is  neceffary,  provided,  by  another  experi- 
ment, the  light  of  a flambeau  was  diminifhed 
in  the  proportion  of  14  to  5 in  traverfing  115 
inches  of  water  contained  in  a tube  of  9 feet  7 
inches  in  length.  Hence,  according  to  M.  Bou- 
guer, no  fenfible  light  can  pafs  deeper  than  256 
feet  in  water*. 

It  appears  to  me,  however,  that  the  conclu- 
sion drawn  by  M.  Bouguer  is  very  diftant  from 
the  truth.  His  experiments  fhould  have  been 
made  with  malfes  of  glafs  of  different  thick- 
neffes,  and  not  with  feparate  pieces  applied  to 
each  other.  I am  perfuaded  that  the  fun’s 
light  would  penetrate  a greater  thicknefs  than 
that  of  thefe  eighty  pieces,  which  formed  a 
thicknefs  of  no  more  than  47I  lines,  or  near  4 
inches.  Now,  though  thefe  pieces  he  employ- 
ed were  of  common  glafs,  it  is  certain  that  a 
folid  mafs  of  the  fame  glafs,  of  four  inches  thick, 
would  not  entirely  intercept  the  light  of  the 
fun,  efpecially  as  I know,  by  my  own  experi- 
ence, that  light  pafles  eafily  through  6 folid 

* EiTai  d’Optique  fur  la  Gradation  de  la  Lumière,  p.  85. 
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Inches  of  white  glafs.  I believe,  therefore,  that 
the  thicknelfes  affumed  by  M.  Bouguer  fhould 
be  more  than  doubled,  and  that  the  light  of 
the  fun  penetrates  600  feet  deep  into  the  waters, 
of  the  ocean  ; for  there  is  another  inaccuracy 
in  M.  Bouguer’s  experiments.  He  did  not 
make  the  light  of  the  fun  pafs  through  his  tube 
of  9 feet  7 inches  long  : He  employed  the 
light  of  a flambeau,  and  thence  concluded  the 
diminution  to  be  in  the  proportion  of  14  to  5. 
But  I am  perfuaded,  that,  if  the  light  of  the  fun 
had  been  employed,  this  diminution  would  net 
have  been  fo  great,  efpecially  as  the  light  of  a 
flambeau  could  only  pafs  obliquely,  whilft  that 
of  the  fun,  by  palling  diredlly,  would  have  pene- 
trated deeper  by  its  incidence  alone,  independent 
of  its  purity  and  intenfity.  Thus,  taking  all 
circumftances  into  confideration,  it  appears,  that, 
to  approach  the  truth  as  near  as  poffible,  we 
fhould  fuppofe,  that  the  light  of  the  fun  pene- 
trates the  fea  to  the  depth  of  600  feet,  and  that 
its  heat  reaches  1 50  feet  deep.  The  light  and 
heat  muft  here  be  underftood  as  fenfible  degrees 
only  of  thefe  qualities. 

That  the  heat  of  the  fun  penetrates  not  above 
150  feet  deep  in  the  waters  of  the  ocean,  I af- 
certained  by  analogy  derived  from  an  experi- 
ment which  appears  to  be  decifive.  With  a 
lens  of  27  inches  diameter  by  fix  inches  thick 
at  the  centre,  I perceived,  that,  by  covering  the 

middle 
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middle  part,  the  lens  burnt  only  from  the  cir- 
cumference as  far  as  four  inches  thick,  and  that 
all  the  thicker  part  fcarcely  produced  any  heat* 
I then  covered  the  whole  lens,  except  an  inch 
round  the  centre,  and  I found,  that,  after  paf- 
fing  this  thicknefs  of  fix  inches  of  glafs,  the 
light  of  the  fun  had  no  influence  on  the  thermo- 
meter. Hence  I am  warranted  to  prefume,  that 
this  fame  light,  weakened  by  150  feet  thick  of 
water,  wrould  not  produce  a perceptible  degree 
of  heat. 

The  light  proceeding  from  the  moon  is  un- 
queftionably  a reflected  light  of  the  fun.  This 
light,  however,  has  no  feniible  heat,  even  when 
the  rays  are  colle&ed  into  the  focus  of  a burn- 
ing-giafs.  Neither  would  the  light  of  the  fun 
have  any  heat,  after  paffing  through  a certain 
depth  of  water  ; becaufe  it  would  then  be  equal-, 
ly  feeble  as  that  of  the  moon.  I am,  there- 
fore, perfuaded,  that,  by  allowing  the  rays  of 
the  fun  to  pafs  through  a large  tube  filled  with 
water,  and  only  50  feet  long,  which  is  no  more 
than  a third  of  the  depth  I have  fuppofed,  this 
feeble  light  would  produce  no  eflfedt  upon  the 
thermometer,  even  though  the  liquor  flood  at 
the  freezing  point.  From  whence  I may  con- 
clude, that,  though  the  light  of  the  fun  pene- 
trates 600  feet  in  the  waters  of  the  ocean,  its 
heat  would  not  reach  one  fourth  part  of  that 
depth.  All  the  waters  below  this  point  would 

neceflarily 
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neceflarily  freeze,  unlefs  there  was  ail  internal 
heat  in  the  earth,  which  alone  can  maintain 
their  fluidity.  In  the  fame  manner,  it  is  proved 
by  experience  that  the  heat  of  the  folar  rays  pe- 
netrates not  above  15  or  20  feet  deep  in  the 
earth,  fince  ice  is  prefer ved  at  thefe  depths  dur- 
ing the  warmeft  fummers.  Hence,  it  is  clear, 
that,  below  the  bafin  of  the  fea,  as  well  as  un- 
der the  fuperior  ftrata  of  the  earth,  there  is  a 
perpetual  emanation  of  heat,  which  fupports  the 
fluidity  of  the  waters,  and  produces  the  tempe- 
rature of  the  earth.  In  the  interior  parts  of 
the  earth,  therefore,  a heat  exifts  which  is  pro- 
per to  it,  and  which  is  totally  independent  of 
that  communicated  by  the  fun. 

We  might  confirm  this  general  fadt  by  a num- 
ber of  particular  ones.  Every  man  has  remark- 
ed, that  the  fnow  melts  in  all  places  where  the. 
vapours  of  the  interior  parts  of  the  earth  have 
a free  iflue,  as  over  pits,  covered  aquedudh, 
vaults,  cifterns,  &c.  while  in  all  other  places, 
where  the  earth,  bound  up  by  the  froft,  inter- 
cepts thefe  vapours,  the  fnow  not  only  remains, 
but,  inftead  of  melting,  freezes.  This  circum- 
ftance  is  alone  fufficient  to  fhow,  that  thefe 
emanations  from  the  internal  parts  of  the  earth 
have  a real  and  fenfible  degree  of  heat. 

With  regard  to  the  fourth  fadt  : After  the  fa- 
tisfadtory  proofs  we  have  given  in  feveral  ar- 
ticles of  our  Theory  of  the  Earthy  it  is  apparent, 

that 
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that  the  materials  of  which  the  globe  Is  com* 
pofed  are  of  the  nature  of  glafs.  This  general 
truth,  which  we  can  prove  by  experience,  was 
not  altogether  unknown  to  Leibnitz,  a German 
philofopher,  whofe  name  will  continue  to  be  an 
honour  to  his  country  ; 

c Sane  plerifque  creditum  et  a facris  etiam 
c fcriptoribus  infinuatum  eft,  conditos  in  abdito 
c teiluris  ignis  thefauros.  . . Adjuvant  vultus, 
c nam  omnis  ex  fufione  scoriæ  vitri  eft  ge- 

* nus.  . . Talem  vero  efie  globi  noftri  fuperfi- 
6 ciem  (neque  eni m ultra  penetrare  nobis  datum) 
4 reapfe  experimur,  oranes  enim  terræ  et  lapi- 

* des  igné  vitrum  reddunt . . . nobis  fatis  eft  ad- 
4 moto  igne  omnia  terreftria  in  vitro  finiri. 
4 Ipfa  magna  teiluris  ofla  nudæque  illæ  rupes  at- 
4 que  immortales  filices  cum  tota  fere  in  vitrum 

* abeant,  quid  nifi  concreta  funt  ex  fufis  olim 
4 corporibus  et  prima  ilia  magnaque  vi  quant 

* in  facilem  adhuc  materiam  exercuit  ignis  na- 
4 turae  ....  cum  igitur  omniaque  non  avolant 
4 in  auras  tandem  funduntur,  et  fpeculorum  im-* 
4 pritnis  urentium  ope,  vitri  naturam  fumant, 
4 hinc  facile  intelliges  vitrum  efte  velut  terræ 
4 basin,  et  naturam  ejus  cæterorum  plerumque 
4 corporurn  larvis  latere.  G.  G.  Leibnhii  proto* 
4 gæa.  Goettingac , 1 749,  pag.  4 et  5.’ 

The  bafts  of  minerals,  of  vegetables,  and  of 
animals,  confifts  of  vitrifiable  matter  ; for  all 
their  refidua  may  be  ultimately  converted  into 
8 glafs. 
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glafs.  The  fubdances  called  refraBory  by  chy- 
mids,  and  which  they  confider  as  not  fufible,  be- 
caufe  they  refid , the  aftion  of  their  furnaces 
without  being  changed  into  glafs,  may  notwith- 
ftanding  be  vitrified  by  the  more  intenfe  heat  of 
burning  glaffes.  Hence  all  the  materials  of  this 
globe,  at  leaf!:  all  thofe  which  are  known  to  us, 
have  glafs  for  their  bafis,  and  may  be  ultimately 
reduced  to  their  primitive  date. 

We  have,  therefore,  proved  the  original  li- 
quefaction by  fire  of  the  whole  mafs  of  this 
globe,  agreeably  to  the  moü  rigorous  rules  of 
logic  : i.  A priori , by  the  fil'd  fad,  namely  the 
elevation  of  the  earth  at  the  equator,  and  its 
depreffion  at  the  poles:  2.  Ab  gBu,  by  the 

fécond  and  third  fa  ft,  namely,  the  internal 
heat  of  the  globe  which  dill  fubfids  : 3.  A po** 
Jleriori , by  the  fourth  faft,  which  fhows  the  ef- 
feft  of  this  aftion  of  fire,  L e.  glafs,  in  all  terre  f- 
trial  fubdances. 

But,  though  the  materials  which  compofe  this 
globe  have  originally  been  of  a vitreous  nature, 
and  may  all  be  reduced  to  glafs,  they  ought  to 
be  didinguifhed  from  each  other  with  regard  to 
the  different  dates  in  which  they  are  found  be- 
fore they  are  converted  into  glafs  by  the  aftion 
of  fire.  They  fhould,  in  the  fird  place,  be  di- 
vided into  vitrifiable  and  calcarious  fubdances. 
The  fird  undergo  no  change  by  fire,  unlefs  it 
be  pufhed  to  fuch  a degree  of  intenfity  as  is  fuf- 

ficient 
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ficient  to  reduce  them,  to  glafs  ; but  an  inferior 
degree  of  heat  reduces  the  others  to  lime.  The 
quantity  of  calcarious  fubftancés,  though  very 
confiderable,  is  fmall  when  compared  to  thofe 
which  are  vitrifiabîe.  The  fifth  fa£t  above  laid 
down  proves,  that  calcarious  bodies  have  been 
formed  at  a different  period,  and  by  another  ele- 
ment ; and  we  evidently  perceive,  that  all  the 
matters  which  have  not  been  produced  by  the 
immediate  adtion  of  the  primitive  fire,  have  been 
formed  by  the  intervention  of  water  ; becaufe 
they  are  all  compofed  of  fhells  and  other  relicks 
of  marine  bodies.  Under  the  clafs  of  verifi- 
able fubftances  are  comprehended  pure  rock, 
quartz,  fand,  free-ftone,  granite,  fiâtes,  clays, 
metals,  and  metallic  minerals.  Thefe  fub- 
fiances  form  the  genuine  bafis  of  the  globe, 
and  compofe  its  principal  and  greateft  part.  The 
whole  of  them  have  been  originally  produced 
by  the  primitive  fire.  Sand  is  nothing  but  glafs 
in  powder;  fiâtes,  dried  clays,  pure  rock,  free- 
ftone,  and  granite,  are  only  vitreous  mafles,  or  vi- 
trifiable  fand  in  a concreted  form.  Flints,  cry- 
ftals,  metals,  and  moft  other  minerals,  are  only 
diftillations,  exudations,  or  fublimations  of  the 
firft  matters,  all  of  which  unfold  their  primitive 
origin  and  their  common  nature,  by  their  apti- 
tude of  being  converted  into  glafs. 

But  calcarious  fand  and  gravel,  chalk,  brown 
free-ftone,  marble,  alabafter,  calcarious  fpatha, 

both 
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both  opaque  and  tranfparent,  in  a word,  every 
fubftance  which  can  be  converted  into  lime, 
do  not  at  firh  exhibit  their  original  nature. 
Though,  like  all  the  others,  they  proceed  from 
glafs,  calcarious  bodies  have  paffed  through 
filtres,  which  have  changed  their  appearance. 
They  have  been  formed  by  water.  They  are 
compofed  entirely  of  madrepores,  fhells,  and 
other  relicks  of  aquatic  animals,  which  alone 
are  capable  of  converting  fluids  into  folids,  and 
of  transforming  the  water  of  the  fea  into  hone. 
Common  marble  and  other  calcarious  hones  are 
compofed  of  entire  fhells  and  fragments  of  fhells, 
of  madrepores,  aftroites,  &c.  all  the  parts  of  which 
are  either  hill  evident,  or  eafily  recognifable. 
Gravel  is  nothing  but  broken  fragments  cf 
marble  and  calcarious  hones  which  froh  and 
the  action  of  the  air  detach  from  the  rocks  ; 
and  they  are  equally  convertible  into  lime. 
Lime  tnay  alfo  be  made  of  fhells,  chalk,  and 
light  land-hone.  Alabaher,  and  thofe  marbles 
which  contain  alabaher,  may  be  regarded  as  large 
haladites,  which  are  formed  at  the  expence  of 
other  marbles  and  common  hones.  Calcarious 
fpatha  is  likewife  formed  by  exudation  or  difti!- 
lation  from  calcarious  fubhances,  in  the  fame 
manner  as  rock-cryhal  originates  from  vitri- 
fiable  matters.  All  this  may  be  proved  by  in- 
fpe&ing  thefe  different  fubhances,  and  by  ex- 
amining attentively  the  great  monuments  of 
nature. 
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MONUMENT  FIRST. 

Shells  and  other  productions  of  the  ocean  are 
found  on  the  furface  and  in  the  interior  parts 
of  the  earth  ; and  all  the  fubftances  called  cal- 
carious  are  compofed  of  the  remains  of  theft 
marine  bodies. 

MONUMENT  SECOND. 

In  examining  thofe  fhells  and  other  marine 
productions  found  in  France,  Britain,  Germany, 
and  all  the  other  parts  of  Europe,  we  difcover, 
that  moft  of  the  animals  to  which  theft  remains 
have  belonged,  are  not  to  be  found  in  the  adja- 
cent feas,  and  that  theft  fpecies  either  have  now 
no  exiftence,  or  are  to  be  found  only  in  the 
fouthern  feas.  In  the  fame  manner,  we  fee,  in 
fiâtes  and  other  fubftances,  at  great  depths, 
imprefiions  of  fifties  and  plants,  none  of  which 
belong  to  our  climates,  and  which  either  do  not 
exift,  or  are  to  be  met  with  in  fouthern  climates 
only. 

MONUMENT  THIRD. 

In  Siberia,  and  other  northern  regions  of  Eu- 
rope and  Afia,  we  find  the  fkeletons,  tufks,  and 
bones  of  elephants,  hippopotami,  and  rhinoce- 
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rofes,  in  quantities  fufficient  to  convince  us, 
that  thefe  animals,  which  at  prefent  can  propa- 
gate only  in  the  fouthern  regions,  formerly  ex- 
ifted  and  propagated  in  northern  countries  ; and 
it  has  been  remarked,  that  thefe  remains  of  ele- 
phants and  other  terreftrial  animals  are  found 
at  inconfiderable  depths  below  the  furface.  But 
fhells  and  other  marine  bodies  are  buried  deep 
in  the  interior  parts  of  the  earth. 

MONUMENT  FOURTH. 

The  tufks  and  bones  of  elephants,  as  well  as  the 
teeth  of  the  hippopotamus,  are  found,  not  only 
in  the  northern  parts  of  our  Continent,  but 
likewife  in  thofe  of  North  America,  though  the 
fpecies  of  the  elephant  and  rhinoceros  have  now 
no  exifte.nce  in  the  New  World. 

MONUMENT  FIFTH. 

In  the  middle  of  Continents,  and  in  places 
moil  remote  from  the  fea,  we  find  an  infinite 
number  of  fhells,  mod  of  which  belong  to  ani- 
mals actually  exifting  in  the  fouthern  ocean,  and 
feveral  others  have  no  known  reprefentatives  ; 
fo  that  their  fpecies  feem  to  have  been  annihilated 
by  caufes  till  now  unknown. 

By  comparing  thefe  monuments  with  the 
fafts,  we  at  once  perceive,  that  the  time  when 
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vitrifiable  fubftances  were  formed  is  much  more 
remote  than  that  of  the  formation  of  calcarious 
bodies  ; and  may  now  diftinguifti  four  and  even 
five  epochs  of  the  remoteft  antiquity  : The  firft, 
when  the  matter  of  the  globe  was  in  fufion  by 
fire,  when  the  earth  aflumed  its  form,  and  the 
Equator  was  elevated  and  the  Poles  deprefied  by 
its  rotatory  motion  : The  fécond,  when  this  mat- 
ter confolidated,  and  formed  the  great  mafies  of 
vitrifiable  fubftances  : The  third,  when  the  fea 
covered  the  whole  land  now  inhabited,  and  nou- 
rifhed  fhell-animals,  the  remains  of  which  have 
formed  calcarious  bodies  : The  fourth,  when 

the  waters  which  cover  our  Continents  retired 
to  their  proper  bafins  : A fifth  epoch,  the  indi- 
* cations  of  which  are  equally  clear  as  the  other 
four,  is  the  time  when  the  elephant,  the  hippo- 
potamus, and  other  fouthern  animals,  inhabited 
the  regions  of  the  north.  This  epoch  is  evi- 
dently pofterior  to  the  fourth,  fince  the  relicks  of 
terreftrial  animals  are  found  near  the  furface  of 
the  earth,  whilft  thofe  of  marine  animals  are 
generally,  and  even  in  the  fame  places,  buried 
at  great  depths. 

What,  will  any  man  maintain,  that  ele- 
phants, and  other  animals  now  peculiar  to  the. 
fouth,  have  formerly  inhabited  the  regions  of 
the  north  ? This  fa£t,  however  fingular  and  ex- 
traordinary it  may  appear,  is  not  the  lefs  cer- 
tain. Great  quantities  of  ivory  have  been  and 
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dally  are  found  In  Siberia,  in  Ruffia,  and  in 
other  northern  countries  of  Europe  and  Afia. 
Thefe  tufks  of  the  elephant  are  found  fôme 
feet  below  the  earth,  or  they  are  expofed  by 
the  waters  when  they  break  down  the  banks 
of  rivers.  We  find  thefe  tufks  and  bones  of 
the  elephant  in  fo  many  places,  and  in  fuch 
quantities,  that  they  never  could  be  brought 
into  fuch  cold  regions  by  human  power.  From 
inconteftible  and  reiterated  proofs,  we  are 
obliged  to  acknowledge,  that  thefe  animals  were 
formerly  natives  of  the  north,  as  they  are  now 
of  the  fouth.  What  renders  this  fadl  more  mar- 
vellous and  more  difficult  to  explain,  we  find  the 
remains  of  thofe  animals,  now  peculiar  to  the 
fouth  of  the  Old  Continent,  not  only  in  our 
northern  provinces,  but  likewife  in  Canada  and 
other  parts  of  North  America.  In  the  Royal 
Cabinet  there  are  feveral  tufks  and  many  bones  of 
the  elephant,  which  were  found  in  Siberia.  We 
have  other  tufks  and  bones  of  the  fame  animal 
which  were  found  in  France  ; as  well  as  teeth  of 
the  hippopotamus  difcovered  in  America,  near 
the  river  Ohio.  Hence  thefe  animals,  which 
cannot  fubfifl  in  cold  countries,  have  formerly 
exifted  in  northern  climates.  Of  courfe,  the 
Frozen  Zone  was  at  that  period  equally  warm  as 
our  Torrid  Zone  is  at  prefent;  for  it  isimpoffible 
that  the  bodily  conftitution  and  real  habits  of 
thefe  animals,  which  are  the  mofi:  permanent  and 
invariable  things  in  nature,  fhould  fo  far  change 
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as  to  beftow  the  temperature  of  the  rain-deer  upon 
the  elephant.  Neither  can  we  fuppofe  that  thefe 
fouthern  animals,  which  require  much  heat  for 
their  fubfiftence,  could  ever  live  and  multiply  in 
northern  regions,  if  the  climate  were  equally  cold 
as  it  is  at  prefent.  M.  Gmelin,  who  travelled  in  Si- 
beria, and  there  collected  many  bones  of  the  ele- 
phant, fuppofes  that  vaft  inundations  in  the  fouth 
had  driven  the  elephants  to  the  north,  where  they 
would  all  perifh  at  once  by  the  rigour  of  the  cli- 
mate. But  this  caufe  is  not  proportioned  to  the 
efifed:.  More  ivory,  perhaps,  has  already  been 
brought  from  the  north  than  all  the  elephants  of 
India  now  exifting  could  furnifh.  Much  more 
will  be  difcovered  when  the  vaft  deferts  of  the 
north,  which  are  fcarcely  known,  {hall  be  peopled, 
and  the  earth  cultivated  and  dug  by  the  hands  of 
man.  Befides,  it  is  extremely  improbable,  that 
thefe  animals  fhould  take  the  route  which  is  moft 
repugnant  to  their  nature  ; for,  if  they  were 
pufhed  by  inundations  from  the  fouth,  why  did 
they  not  rather  fly  to  the  eaft  and  weft?  Wny 
did  they  fly  as  far  as  the  fixtieth  degree  of  north 
latitude,  when  they  might  have  ftopt  on  the 
road,  or  turned  afide  to  more  fortunate  climates  ? 
And  how  is  it  poffible  to  conceive,  that,  by  an 
inundation  from  the  fouthern  ocean,  the  ele- 
phants were  chafed  a thoufand  leagues  into  the 
Old  Continent,  and  more  than  three  thoufand 
into  the  New?  It  is  impoflible  that  an  inunda- 
tion from  the  Indian  ocean  fhould  drive  the 
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elephants  into  Canada,  or  even  into  Siberia;  and 
it  is  equally  impoffible,  that  they  fhould  arrive 
in  fuch  numbers  as  are  indicated  by  their  re- 
mains. 

Diflatisfied  with  this  explication,  I imagined 
that  a more  plaufible  one  might  be  given,  and 
which  fhould  perfe&ly  correfpond  with  my 
theory  of  the  earth.  But,  before  exhibiting  my 
ideas  on  this  fubjeû,  I fhall,  to  prevent  mif- 
takes,  remark,  1.  That  the  ivory  found  in  Sibe- 
ria and  in  Canada  unqueftionably  belongs  to 
the  elephant,  and  not  to  the  morfe  or  fea-cow, 
as  fome  voyagers  have  pretended.  In  the  nor- 
thern regions,  we  likewife  find  the  foflil  ivory  of 
the  morfe  ; but  it  is  different  from  that  of  the 
elephant  ; and  they  are  eafily  diftinguifhed  by 
comparing  their  internal  texture.  The  tufks, 
the  grinders,  the  fcapulæ,  the  thigh-bones,  and 
other  bones  found  in  the  northern  climates,  cer- 
tainly belong  to  the  elephant  ; it  is  even  impof- 
fible to  hefitate  concerning  the  identity  of  the 
fpecies.  The  large  fquare  teeth  difeovered  in 
the  fame  northern  countries,  the  grinding  fide  of 
which  refembles  the  fpade  painted  on  cards, 
have  every  mark  of  the  dentes  molares  of  the 
hippopotamus  ; and  thofe  enormous  teeth,  the 
grinding  fide  of  which  is  compofed  of  large  blunt 
points,  or  protuberances,  have  belonged  to  forne 
terreftrial  animal  that  now  no  longer  exifts,  like 
the  great  volutes  called  cornua  ammonis , which  at 
prefent  exift  not  in  the  ocean. 

s 4 


2.  The 


280  FACTS  AND  ARGUMENTS,  &e. 

-2.  The  bones  and  tuiks  of  thefe  ancient  ele- 
phants are  every  way  as  large  as  thofe  of  the 
Indian  elephants,  to  which  we  have  compared 
them.  This  is  a proof  that  thefe  animals  did 
not  inhabit  the  northern  regions  from  any  ne- 
ceflity,  fmce  they  acquired,  in  that  fituation, 
their  full  growth  and  complete  dimenfions.  Of 
this  fa£t  we  may  be  ascertained  by  the  defcrip- 
tions  and  dimenfions  of  them  given  by  M. 
Daubenton  under  the  article  Elephant.  But5 
fmce  that  time,  I have  had  tranfmitted  to  me  an 
entire  tufk  and  fome  fragments  of  foflil  ivory, 
the  length  and  breadth  of  w7hich  greatly  exceed 
the  tufks  of  the  common  elephant.  I fearched 
ail  the  (hops  of  the  Paris  ivory-merchants  ; but 
I found  no  tufk  which  could  be  compared  to 
that  in  my  pofTeffion.  But,  of  a great  number,  I 
found  only  one  equal  to  thofe  fent  from  Siberia, 
whole  circumference  at  the  bafe  is  nineteen 
inches.  Ivory,  which  is  taken  from  living  ele- 
phants, or  from  recent  fkeletons  found  in  the 
forefts,  is  denominated  raw  ivory  ; and  the  ap- 
pellation of  roajled  ivory  is  given  to  that  ex- 
tracted from  the  earth,  the  quality  of  which  is 
more  or  lefs  altered,  according  to  the  time  it  has 
remained  underground,  or  according  to  the  qua- 
lity of  the  earth  in  which  it  has  been  buried.  Mod 
tuiks  which  come  from  the  north  are  ftill  very 
folid,  and  very  fine  works  may  be  made  of  them. 
The  largeft  were  fent  to  us  by  M.  de  lTfle,  an 
aflronorner,  and  member  of  the  Fvoyal  Academy 

of 


FACTS  AND  ARGUMENTS,  &c.T*8f 

of  Sciences.  He  collected  them  in  his  travels 
through  Siberia.  In  all  the  fhops  of  Paris,  there 
was  not  a fingle  tufk  of  raw  ivory  which  mea- 
fured  nineteen  inches  in  circumference:  They 
were  all  fmaller.  This  tu&  was  fix  feet  and  an 
inch  in  length  ; and  it  appears,  that  thofe  in  the 
Royal  Cabinet,  which  were  found  in  Siberia, 
were,  when  entire,  more  than  fix  feet  and  a half  : 
But,  as  their  extremities  were  cut  off,  we  could 
only  make  a near  guefs  at  their  real  length. 

If  we  compare  the  thigh-bones  found  in  the 
fame  northern  countries,  we  fhall  be  fatisfied 
that  they  are  at  leaft  equally  long,  and  con- 
fiderably  thicker,  than  thofe  of  the  Indian  ele- 
phants. 

Befides,  as  formerly  remarked,  we  have  made 
an  exaCt  companion  of  the  bones  and  tufks  fent 
from  Siberia  with  thofe  of  the  fkeleton  of  an 
elephant,  and  we  found  that  all  thefe  bones  are 
evidently  the  relicks  of  thefe  animals.  The  Si- 
berian tufks  have  not  only  the  figure,  but  the 
genuine  ftruCfure  of  elephant  ivory,  which  1VL 
Daubenton  defcribes  in  the  following  terms  : 

c When  an  elephant’s  tufk  is  cut  tranfverfely, 
f we  fee,  at  or  near  the  centre,  a black  point 
f called  the  heart . But,  if  the  tufk  is  cut  where 
■ it  is  hollow,  there  is  only  a round  hole  in  the 
- centre.  We  perceive  crooked  lines  which  ex- 
* tend  in  different  directions  from  the  centre  to 
‘ the  circumference,  and,  by  crofling,  form  fmall 
f lozenges.  At  the  circumference,  there  is  com- 
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4 monly  a narrow  circular  band.  The  crooked 
4 lines  ramify  in  proportion  as  they  recede  from 
4 the  centre.  Hence  the  fize  of  the  lozenges  is 
4 nearly  the  fame  throughout.  Their  Tides,  or  at 
4 leaft  their  angles,  are  of  a more  lively  colour 
4 than  the  areas,  doubtlefs  becaufe  their  fubftance 
4 is  more  compadt.  The  band  at  the  circum- 
4 ference  is  compofed  of  ftraight  and  tranfverfe 
4 fibres,  which,  if  prolonged,  would  terminate  in 
4 the  centre.  It  is  the  appearance  of  thefe  lines 
4 and  points  which  is  confidered  as  the  grain  of 
4 the  ivory.  This  grain  is  perceptible  in  all  ivories  ; 

4 but  it  is  more  or  lefs  diftindt  in  different  tufksj 
4 and,  when  the  grain  is  fufficiently  apparent,  the 
4 ivory  gets  the  name  of  large  grained , to  diftin- 
4 guifh  it  from  that  whofe  grain  is  fine.* 

It  cannot  be  fuppofed  that  elephants  could  be 
tranfported  into  Siberia  by  men  ; for  the  ftate  of 
captivity  alone,  independent  of  the  rigour  of  the 
climate,  would  have  reduced  them  to  a fourth 
or  a third  of  the  dimenfions  which  their  remains 
exhibit.  Of  this  effect  we  have  fufficient  proof 
from  the  comparifon  we  have  made  between  an 
entire  fkeleton  of  an  elephant  in  the  Royal  Ca- 
binet, which  had  lived  fixteen  years  at  Ver  failles, 
with  the  tufks  of  other  elephants  brought  from 
their  native  country.  This  fkeleton,  and  thefe 
tufks,  though  of  confiderable  fize,  are  one  half 
fmaller  than  the  tufks  and  fkeletons  of  thefe 
which  live  in  freedom  in  Afia  or  in  Africa  ; and, 
at  the  fame  time,  they  are  at  leaft  two  thirds 
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fmaller  than  the  bones  of  the  fame  animals  found 
in  Siberia. 

3.  The  great  quantities  of  ivory  already  dis- 
covered by  accident  in  countries  nearly  defert, 
and  where  no  man  fearches  for  it,  £how  that  it 
is  neither  by  one  nor  by  feveral  accidents,  nor 
at  one  and  the  fame  time,  that  fome  individuals 
of  this  fpecies  have  found  their  way  into  the 
northern  regions,  but  that  the  fpecies  had  for- 
merly exifled  and  multiplied  there,  in  the  fame 
manner  as  they  now  exift  and  multiply  in 
fouthern  latitudes. 

The  only  queflion,  therefore,  which  remains 
to  be  folved,  is,  Whether  there  is  or  has  been  a 
caufe  that  could  fo  change  the  temperature  of 
the  different  parts  of  the  globe  as  to  render  the 
northern  regions,  which  are  now  extremely  cold, 
equally  warm  as  the  fouthern  climates  ? 

Some  philofophers  may  imagine  that  this  effed 
has  been  produced  by  the  change  in  the  obli- 
quity of  the  ecliptic  ; becaufe,  at  firffc  fight,  this 
change  feems  to  indicate,  that,  as  the  inclination 
of  the  axis  of  the  globe  is  not  permanent, 
the  earth  might  formerly  revolve  round  an  axis 
fo  different  from  that  on  which  it  now  turns,  as  to 
make  Siberia  then  lie  immediately  under  the 
Equator.  Aftronomers  have  obferved,  that  the 
change  in  the  obliquity  of  the  ecliptic  is  about 
45  féconds  in  a century.  Hence,  by  fuppofing 
this  augmentation  to  be  confiant  and  fucceffive, 
60  centuries  would  produce  a diflance  of  45 

minutes. 


id}  FACTS  AND  ARGUMENTS,  &c. 

minutes,  and  3600  centuries  would  produce  a 
change  of  45  degrees.  Such  an  alteration  would 
bring  back  the  60th  degree  of  latitude  to  the 
15th,  u e . the  country  of  Siberia,  where  the 
elephants  formerly  exifled,  to  the  regions  of 
India,  where  they  frill  exift  and  multiply.  Now, 
it  may  be  faid,  we  have  only  to  admit  this  long 
lapfe  of  time  in  order  to  account  for  the  regular 
abode  of  elephants  in  Siberia  : It  is  360,000  years 
ago  fince  the  earth  revolved  round  an  axis  45 
degrees  diflant  from  that  upon  which  it  turns  at 
prefent  : The  15th  degree  of  latitude  was  then 
the  60th,  &c. 

I anfwer,  that  this  idea,  and  the  mode  of 
explication  which  refults  from  it,  cannot,  upon 
examination,  be  fupported.  The  change  in  the 
obliquity  of  the  ecliptic  is  not  a confiant  and  iuc- 
ceflive  diminution  and  augmentation.  On  the 
contrary,  it  is  a limited  variation,  and  fometimes 
on  one  fide  and  fometimes  on  the  other  ; 
and,  confequently,  can  never  produce,  on  any 
fide,  nor  in  any  climate,  this  difference  of  45 
degrees  of  inclination  ; for  the  variation  in  the 
obliquity  of  the  earth’s  axis  is  occafioned  by 
the  adlion  of  the  planets,  which  alter  the  fitua- 
tion  of  the  ecliptic,  without  affedting  the  equa- 
tor. To  take  the  flrongeft  of  thefe  attractions, 
which  is  that  of  Venus,  it  would  require 
126,000  years  to  make  a change  of  180  degrees 
in  the  ecliptic  of  that  planet,  and,  of  courfe,  to 
produce  an  alteration  of  6 degrees^  47  minutes 

in 
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m the  real  obliquity  of  the  earth’s  axis  ; fince  £> 
degrees  47  minutes  are  the  double  of  the  in- 
clination of  the  orbit  of  Venus.  In  the  famje 
manner,  the  a&ion  of  Jupiter  cannot,  in  93,600 
years,  change  the  obliquity  of  the  ecliptic  above 
2 degrees  38  minutes  ; and  hill  this  eflfeCt  is  in 
part  compenfated  by  the  preceding.  Hence  it 
is  impoflible  that  this  change  in  the  obliquity  of 
the  earth’s  axis  fhould  ever  amount  to  6 de- 
grees, unlefs  we  fuppofe,  that  the  orbits  of  all 
the  planets  fhould  likewife  change  ; a fuppofi- 
tion  which  we  cannot  nor  ought  not  to  admit, 
fince  no  caufe  exifts  which  could  produce  this 
efteCt 

But  I am  enabled  to  fclve  this  difficult  mat- 
ter, and  to  deduce  it  from  an  immediate  caufe. 
We  have  already  feen,  that  the  terreftrial  globe, 
when  it  fir  ft  affumed  its  form,  was  in  a ftate 
of  fluidity,  and  that  the  water  being  unable  to 
diffolve  terreftrial  bodies,  this  fluidity  was  a 
liquefaction  occafioned  by  fire.  Now,  to  pafs 
from  this  burning  and  liquified  ftate  to  a mild 
and  temperare  heat,  time  was  neceflary.  The 
globe  could  not  at  once  cool  to  its  prefent  tem- 
perature. Thus,  during  the  firft  ages  after  its 
formation,  the  heat  proper  to  the  earth  was  in- 
finitely greater  than  that  which  it  received 
from  the  fun  ; fince  it  is  ftill  much  greater. 
This  immenfe  fire  being  afterwards  gradually 
diffipated,  the  polar,  like  all  other  climates,  un- 
derwent 
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derwent  fuccefiive  changes  from  heat  to  cold. 
Of  courfe,  a certain  time,  or  rather  a long  traCt  of 
time,  exifted,  daring  'which  the  northern  re- 
gions, after  having  burnt  like  all  others,  enjoyed 
the  fame  heat  which  at  prefent  is  felt  in  the 
fouthern  climates.  Hence  thefe  northern  coun- 
tries might  and  a&ually  have  been  inhabited  by 
animals  now  peculiar  to  the  fouth,  and  to  whom 
this  degree  of  heat  is  indifpenfable.  The  fa£t, 
therefore,  inftead  of  being  extraordinary,  per- 
fectly accords  with  the  other  faCts,  and  is  no 
more  than  a confequence  of  them.  Inftead  of 
oppofmg  my  theory  of  the  earth,  this  fad,  on 
the  contrary,  is  an  acceftory  proof  of  its  reality, 
and  confirms  the  mod  obfcure  point  I have  ad- 
vanced; u e . when  we  attempt  to  look  back 
into  that  profundity  of  time,  wThen  the  light  of 
genius  is  apt  to  extinguifh  itfelf,  and  when, 
for  wrant  of  obfervations,  genius  has  no  aid  to 
lead  us  to  a more  remote  period. 

A fixth  epoch,  pofterior  to  the  other  five,  is 
that  when  the  two  Continents  were  feparated 
from  each  other.  It  is  certain,  that  they  were 
not  feparated  when  the  elephants  lived  equally 
in  the  north  of  Europe,  Afia,  and  America  ; 
I fay,  equally  ; for  we  find  their  bones  in 
Siberia,  in  Rufiia,  and  in  Canada.  Hence  the 
feparation  of  the  two  Continents  happened  pof- 
terior to  the  abode  of  thefe  animals  in  the 
northern  regions.  But,.  as  we  likewife  find  the 

tulks 
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tufks  of  the  elephant  in  Poland,  in  Germany, 
in  France,  and  in  Italy,  we  mud  conclude, 
that,  in  proportion  as  thefe  northern  regions 
cooled,  the  elephants  retired  toward  the  tem- 
perate zone,  where  the  heat  of  the  fun,  and 
the  greater  thicknefs  of  the  globe,  compen- 
fated  the  lofs  of  the  earth’s  internal  heat;  and 
that,  in  the  progrefs  of  time,  the  temperate 
zone  having  alfo  become  too  cold,  the  elephant 
gradually  migrated  to  the  climates  under  the 
Torrid  Zone,  which  alone  have  longed  pre- 
ferved,  by  the  greater  thicknefs  of  the  globe,  a 
fuperior  degree  of  internal  heat.  Thefe  are 
likewife  the  only  climates  where  this  interior 
heat,  united  with  that  of  the  fun,  is  dill  fuffi- 
cient  to  fupport  their  exidence,  and  to  permit 
them  to  propagate  their  fpecies. 

Independent  of  the  fpecimens  tranfmitted  from 
Ruffia  and  Siberia,  and  which  are  preferved 
in  the  Royal  Cabinet,  there  are  many  others 
in  private  colle&ions.  Vad  numbers  of  them 
are  to  be  feen  in  the  Mufæum  of  Peterfburg,  as 
appears  from  a catalogue  printed  in  the  year 
1742.  There  are  likewife  many  of  them  in  the 
Britifli  Mufæum,  in  that  of  Copenhagen,  and 
in  fome  other  colle&ions  in  Britain,  Germany, 
and  Italy.  This  northern  ivory,  like  the  fouthern, 
is  ufed  in  manufa&uring  many  articles  of 
hardware,  &c.  Hence  the  great  quantity  of 
the  tufks  and  bones  of  elephants  found  in  Sibe- 
ria 
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ria  and  Ruffia  can  no  longer  remain  a doubtful 
point. 

M.  Pallas,  a learned  naturalift,  in  his  late 
journey  through  Siberia,  found  a great  quantity 
of  elephants  bones,  and  an  entire  fkeleton  of  a 
rhinoceros,  which  was  buried  a few  feet  only 
under  the  furface  of  the  ground. 

4 Enormous  bones  of  the  elephant  were 
4 lately  difeovered  at  Swijatoki,  feventeen  verfts 
4 from  Feterfburg  : They  were  found  in  a fpot 
4 which  had  long  been  covered  with  water. 
4 Hence  fome  prodigious  revolution  muft  have 
4 changed  the  climate,  the  productions,  and  the 
4 animals,  in  every  quarter  of  the  globe.  Thefe 
4 medals  of  Nature  prove,  that  thofe  countries 
4 which  are  now  defolated  by  the  rigours  of 
4 intenfe  cold,  have  formerly  enjoyed  all  the  ad- 
4 vantages  of  the  fouthern  latitudes  V 

The  difeovery  of  the  tufks  and  Ikeletons  of 
elephants  in  Canada  is  but  recent  ; and  I was 
firft  informed  of  them  by  a letter  from  the  late 
Mr.  Collifon,  Fellow  of  the  Royal  Society  of 
London,  of  which  the  following  is  a tranfla- 
tion  : 

4 Mr.  George  Croghan  has  allured  me,  that, 

4 in  the  courfe  of  his  travels  through  the  coun- 
4 tries  bordering'  upon  the  river  Ohio,  in  the 
4 years  1765  and  17 66,  about  four  miles  fouth- 

* Journal  de  Politique  et  de  Literature,  5 Jan.  1776,  art. 
Peterjbourg . 

4 eaft 
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c eaft  from  this  river,  and  640  miles  diftant 
4 from  Fort  du  Quefne  or  Pitfburgh,  he  faw  in 
4 the  neighbourhood  of  a large  fait  marfh,  where 
4 the  wild  animals  affemble  at  certain  feafons  of 
4 the  year,  immenfe  bones  and  teeth.  Having 
4 carefully  examined  the  place,  he  difcovered, 

« in  a high  bank  on  the  fide  of  the  marfh,  a 
4 prodigious  number  of  bones,  which,  from  their 
4 figure  and  magnitude,  appeared  to  be  the 
4 bones  and  tufks  of  elephants. 

4 But,  Sir,  the  large  grinding  teeth  which  I 
4 fend  you,  were  found  along  with  thefe  tufks* 

4 There  are  others  ftill  larger  than  thefe,  which 
4 feem  to  indicate,  and  even  to  demonftrate, 

4 that  they  belong  not  to  elephants.  How  fhall 
4 we  reconcile  this  paradox?  May  we  not  fup- 
4 pofe  that  there  formerly  exifted  a large  animal 
4 which  had  the  tufks  of  an  elephant  and  the 
4 grinders  of  the  hippopotamus  ? for  thefe  large 
4 grinders  are  very  different  from  thofe  of  the 
4 elephant.  From  the  great  number  of  tufks  and 
4 grinders  which  he  faw,  Mr.  Croghan  thinks, 

4 that  there  muft  have  been  at  leaft  thirty  of 
4 thefe  animals  buried  in  this  place.  Elephants, 

4 however,  were  never  known  in  America  ; and 
4 it  is  improbable  that  they  could  be  brought 
4 there  from  Alia.  The  impoffibility  of  their 
4 living  in  countries  where  the  winters  are  fo 
4 rigorous,  but  where  great  quantities  of  their 
vol.  IX.  T 4 bones 
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4 bones  are  found,  makes  a paradox,  which 
4 your  great  fagacity  may  perhaps  explain. 

4 Mr.  Croghan,  in  the  month  of  February 
4 1767,  fent  to  different  perfons  in  London,  the 
c bones  and  teeth  he  had  collected  in  the  years 
4 1765  and  1766. 

4 i.  To  my  Lord  Shelburn,  two  large  tufks, 

4 one  of  which  was  entire,  and  near  feven  feet 
4 long  : Its  thicknefs  exceeded  not  that  of  a com- 
4 mon  tufk  of  an  elephant  of  an  equal  length. 

4 2.  A jaw-bone  with  two  grinders  in  it,  be- 
4 fide  feveral  enormous  feparate  grinders. 

* To  Dr.  Franklin,  1.  Three  tufks,  one  of 
4 which  was  about  fix  feet  long.  It  had  been 
4 broke  through  the  middle,  which  was  corrupt- 
4 ed,  and  refembled  chalk.  The  others  were 
4 found.  The  end  of  one  of  them  was  fharpened 
4 to  a point,  and  it  confifted  of  very  fine  ivory. 

4 2.  A fmall  tufk,  about  three  feet  long,  and 
4 as  thick  as  a man’s  arm,  with  the  deprefiions 
4 made  by  the  mufcles  and  tendons,  which  were 
c of  a bright  chefnut  colour,  and  appeared  to  be 
* as  frefh  as  if  recently  taken  from  the  head  of 
4 the  animal. 

4 3.  Four  grinders,  one  of  the  largeft  of 
4 which  was  broader  than  thofe  I fent  you,  and 
4 had  likewife  an  additional  row  of  knobs.  All 
t thofe  prefented  to  my  Lord  Shelburn  and  Dr. 
4 Franklin  were  of  the  fame  form,  and  had  the 

4 fame 
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* fame  enamel,  as  the  fpecimens  I now  tranfmit 
4 for  your  examination. 

4 Dr.  Franklin  lately  dined  with  an  officer,  who 
c had  brought  from  the  fame  place,  in  the  neigh- 
c bourhood  of  the  river  Ohio,  a tufk  which  wras 
4 whiter,  more  luftrous,  and  more  entire  than 
4 any  of  the  others;  and  likewifè  a grinder  flill 
4 larger  than  any  of  thofe  I have  mentioned  *** 

Extract  from  a Journal  of  a Voyage  made  by  Mr . 
Crogban  on  the  river  Ohio , and  tranfmitted  to 
Dr . Franklin  in  the  month  of  May  1765. 

4 Having  paffed  the  great  river  Miame,  we 
4 arrived,  in  the  evening,  at  the  place  where  the 
4 bones  of  elephants  are  found.  It  is  about  640 
4 miles  from  Fort  Pitt.  In  the  morning,  I went 
4 to  the  large  marfh  where  the  wild  animals 
4 aflemble  at  certain  times  of  the  year.  We 
4 came  to  this  place  by  a road  beaten  with  the* * 
4 feet  of  the  wild  oxen,  or  bifons.  It  is  about 
4 four  miles  fouth-eaft  from  the  river  Ohio. 

4 We  faw  a great  number  of  bones,  fome  of 
4 them  fcattered  about,  and  others  buried  five  or 
4 fix  feet  below  the  furface.  We  faw  them  in  a 
4 bank  of  earth  along  the  fide  of  the  road.  W e 
4 found  two  tufks  of  fix  feet  in  length,  which 
4 we  carried  to  our  hut,  along  with  other  bones 
4 and  teeth.  The  following  year  we  returned 

* Lettre  Mr.  Collinfon  to  M.  de  BufFon,  dated  Mill-hill,  near 

London,  July  3,  1767, 

T 2 4 tO 
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4 to  the  fame  place,  in  order  to  procure  a 
4 greater  number  of  tufks  and  teeth. 

4 If  M.  de  Buffon  had  any  queries  to  make 
4 upon  this  fubjed,  I entreated  him,’  fays  Mr. 
Collinfon,  4 to  tranfmit  them  to  me;  I {ball  fend 
4 them  to  Mr.  Croghan,  a man  of  integrity  and 
4 parts,  who  will  be  happy  to  anfwer  every 
4 queftion.’  This  little  Memoir  was  fubjoined 
to  the  letter  which  I have  juft  now  quoted, 
and  to  which  I fhall  add  an  extrad  of  what 
Mr.  Collinfon  formerly  wrote  me  concerning 
thefe  American  bones  : 

4 About  a mile  and  a half  from  the  river  Ohio, 
4 there  are  fix  enormous  fkeietons  buried  on  end, 
4 with  tufks  from  five  to  fix  feet  long,  and  of 
4 the  fame  form  and  fubftance  as  elephants  tufks. 
4 They  were  thirty  inches  in  circumference  at 
4 the  root.  They  tapered  to  a point.  But,  as  they 
4 were  broken,  we  could  not  perceive  how  they 
4 were  joined  to  the  jaws.  A thigh-bone  of  the 
4 fame  animals  wTas  found  entire.  It  weighed  a 
4 hundred  pounds,  and  was  four  and  a half  feet 
4 in  length.  The  tufks  and  thigh-bones  fhow 
4 that  the  animal  muft  have  been  of  a prodigious 
4 magnitude.  Thefe  fads  have  been  confirmed 
4 by  Mr.  Greenwod,  who  faw  the  fix  fkeietons 
4 in  the  falt-marfh.  In  the  fame  place,  he  like— 
4 wife  found  large  grinders,  which  appeared  not 
4 to  belong  to  the  elephant,  but  rather  to  the 
4 hippopotamus.  Some  of  thefe  teeth  he  fent  to 

4 London, 
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4 London,  among  others,  two  of  which  together 
4 weighed  9^  pounds.  He  fays,  that  the  jaw- 
4 bone  was  too  heavy  to  be  carried  by  two  men. 
4 The  interval  between  the  orbits  of  the  two 
4 eyes  was  eighteen  inches.  An  Englifhman, 
4 who  had  been  taken  prifoner  by  the  favages, 
4 and  conduded  to  this  falt-marfh  in  order  to 
4 teach  them  how  to  make  fait  by  evaporating 
4 the  water,  declared,  that,  from  a peculiar  cir- 
4 cumflance,  he  remembered  to  have  feen  thefe 
4 enormous  bones.  He  told,  that  three  French- 
4 men,  who  were  breaking  nuts,  fat  upon  a fingle 
4 thigh-bone/ 

Some  time  after  writing  thefe  letters,  Mr. 
Collinfon  read  to  the  Royal  Society  of  London, 
two  £hort  effays  on  the  fame  fubjed,  in  which  I 
found  fome  new  fads,  which  I fhall  relate,  and 
add  elucidations  of  fuch  things  as  may  require 
explanation  : 

4 The  falt-marfh  where  the  elephants  bones 
4 are  found  is  about  four  miles  diflant  from  the 
4 banks  of  the  river  Ohio  ; but  it  is  more  than 
4 feven  hundred  miles  from  the  neareft  coafts  of 
4 the  fea.  There  is  a road  beaten  by  the  wild 
4 oxen,  or  bifons,  large  enough  to  allow  two 
4 chariots  to  travel  abreaft.  This  road  diredly 
4 leads  to  the  great  falt-marfh  where  thefe 
4 animals,  as  well  as  flags  and  other  fpecies  of 
4 the  deer,  afiemble  at  a certain  feafon  of  the 
4 year  to  lick  the  earth  and  diink  the  fait  water. . 

T 3 4 The 
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4 The  elephants  hones  are  found  in  a bank  of 
4 about  fix  or  feven  feet  high,  which  furrounds 
4 the  mardi.  There  we  fee  teeth  and  bones 
4 which  had  formerly  belonged  to  fome  animals 
4 of  a prodigious  fize.  Some  of  the  tufks  are 
4 near  feven  feet  in  length,  and  confift  of  excel- 
4 lent  ivory;  and  therefore  we  cannot  entertain 
4 any  doubt  that  they  really  belong  to  the  ele- 
4 phant  fpecies.  It  is  fmgular,  however,  that, 
among  thefe  tuiles,  we  never  meet  with  a 
4 (ingle  grinder  of  an  elephant,  but  a vaft 
4 number  of  enormous  teeth,  each  of  which  has 
4 five  or  fix  blunt  knobs,  and  muft  have  belonged 
‘ to  fome  animal  of  an  immenfe  fize.  Thefe 
4 fquare  teeth  have  no  refemblance  to  the  grind- 
4 ers  of  the  elephant,  which  are  flat,  and  four  or 
4 five  times  broader  than  thick  ; fo  that  thefe 
4 enormous  grinders  have  no  refemblance  to  the 
4 teeth  of  any  known  animal.’ 

This  lad:  remark  of  Mr.  Collinfonls  extremely 
juft  : Thefe  large  grinders  are  totally  different 
from  thofe  of  the  elephant;  and,  by  comparing 
them  with  the  grinders  of  the  hippopotamus, 
which  they  referable  by  their  fquare  figure,  we 
fhall  perceive  that  they  likewife  differ  in  fize, 
as  they  are  two,  three,  and  even  four  times 
more  voluminous  than  the  largeft  teeth  of  the 
ancient  hippopotami  found  in  Siberia  and  Ca- 
nada, though  thefe  laft  teeth  are  three  or  four 
times  larger  than  thofe  of  the  hippopotami 

which 
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which  now  exift.  All  the  teeth  which  I have 
examined  in  four  heads  of  thefe  animals  pre- 
ferved  in  the  Royal  Cabinet,  have  the  grinding 
fide  hollowed  in  the  form  of  a card-fpade,  and 
thofe  found  in  Canada  and  Siberia  have  the  fame 
character,  and  differ  from  them  in  fize  only. 
But  thofe  enormous  teeth  with  large  blunt  knobs 
have  always  four  and  fometimes  five  rows; 
whilft  the  largeft  teeth  of  the  hippopotamus  have 
only  three,  as  may  be  feen  by  comparing  the 
figures  of  plate  CII.  CIV.  and  CV.  with  thofe  of 
plate  CVI.  It  feems,  therefore,  to  be  certain,  that 
thefe  large  teeth  have  never  belonged  either  to 
the  elephant  or  to  the  hippopotamus  : The  dif- 
ference in  fize,  though  enormous,  would  not  pre- 
vent us  from  regarding  them  as  pertaining  to 
this  laft  fpecies,  if  all  the  characters  in  their 
form  were  the  fame  ; fince  we  know,  as  for- 
merly remarked,  other  fquare  teeth  three  or 
four  times  larger  than  thofe  of  the  prefent 
exifting  hippopotami,  and  which,  having  the 
precife  fame  characters,  are  unqueftionably  the 
teeth  of  hippopotami  that  have  been  three  times 
larger  than  thofe  whofe  heads  are  in  the  Royal 
Cabinet.  I mean  thofe  large  teeth,  which  really 
belong  to  the  hippopotamus,  when  I remark- 
ed, that  they  were  equally  found  in  both  Con- 
tinents, as  well  as  the  tufks  of  the  elephant. 
It  is  remarkable,  however,  that  we  not  only 
find  real  tufks  of  the  elephant,  and  real  teeth  of 

t 4 the 
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the  large  hippopotamus,  in  Siberia  and  Canada, 
but  we  likewife  find  in  the  fame  countries  thofe 
enormous  teeth  with  four  rows  of  large  blunt 
knobs.  We  may,  therefore,  conclude,  that  this 
immenfe  animal  no  longer  exifts,  and  that  the 
ipecies  is  entirely  extind. 

M.  le  Compte  de  Vergennes,  minifter  and  fe- 
cretary  of  ftate,  was  fo  obliging  as  to  give  me,  in 
the  year  1770,  the  largeft  of  all  thefe  teeth, 
which  is  reprefented  in  plates  CIL  and  CIII.  ; it 
weighed  eleven  pounds  four  ounces.  This  im- 
menfe tooth  was  difcovered  in  making  a ditch  in 
Little  Tartary.  There  were  other  bones  which 
could  not  be  colleded,  and,  among  thefe,  a thigh- 
bone, of  which  one  half  only  was  entire,  and  the 
cavity  of  this  half  contained  fifteen  Paris  pints  of 
water.  M.  F Abbé  Chappe,  of  the  Academy 
of  Sciences,  brought  me  from  Siberia  a fimilar 
tooth,  but  fmaller,  and  which  weighed  only  three 
pounds  twelve  ounces  and  a half.  (Plate  CIV.  fig. 
i.  and  2.)  Laftly,  the  largeft  of  thofe  tranfmit- 
ted  to  me  by  Mr.  Collinfon,  and  which  is  repre- 
fented (plate  CV.),  was  found,  among  feveral 
others,  near  the  river  Ohio  in  America;  and  they 
perfedly  refemble  other  fpecimens  brought  from 
Canada. 

From  all  thefe  fads  it  is  apparent,  that,  inde- 
pendent of  the  elephant  and  hippopotamus, 
whofe  relicks  are  equally  found  in  the  two  con- 
tinents, another  animal  common  to  both  has 

formerly 
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formerly  exifted,  the  fize  of  which  has  greatly 
exceeded  that  of  the  largeft  elephants;  for  the 
fquare  form  of  thefe  enormous  grinders  fhows, 
that  they  were  numerous  in  each  jaw;  and  fup- 
pofing  there  were  only  fix  or  even  four  in  each 
fide  of  the  jaws,  we  may  form  fome  notion  of 
the  magnitude  of  a head  which  could  contain 
fixteen  grinders,  each  weighing  ten  or  eleven 
pounds.  The  elephant  has  only  four  grinders, 
two  on  each  fide.  They  are  fiat,  and  occupy 
the  whole  jaw;  and  thefe  two  flat  grinders  of 
the  elephant  furpafs  by  two  inches  only  the 
breadth  of  the  largeft  fquare  tooth  of  the  un- 
known animal,  which  is  double  the  thicknefs 
of  thofe  of  the  elephant.  Thus  every  circum- 
ftance  leads  us  to  think,  that  this  ancient  fpecies, 
which  ought  to  be  regarded  as  the  largeft  of  all 
terreftrial  animals,  exifted  during  the  firft  ages 
only;  for  an  animal  much  larger  than  the  ele- 
phant could  not  be  fo  concealed  in  any  part 
of  the  earth  as  to  remain  perfe&ly  unknown. 
Befides,  it  is  evident,  from  the  figure  of  thefe 
teeth,  as  well  as  from  the  enamel,  and  the  dif- 
pofition  of  their  roots,  that  they  have  no  relation 
to  the  teeth  of  the  cetaceous  tribes  ; and  that  they 
have  really  belonged  to  a land-animal  whofe 
fpecies  made  a nearer  approach  to  that  of  the  hip- 
popotamus than  to  any  other. 

In  the  courfe  of  his  Eflay,  Mr.  Collinfon  in- 
forms us,  that  feveral  members  of  the  Royal 
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Society  were  equally  well  acquainted  with  the 
elephants  tufks  daily  found  in  Siberia,  upon  the 
banks  of  the  Oby,  and  other  rivers  of  that  coun- 
try. What  fyftem,  he  adds,  can  be  formed, 
which  will,  with  any  degree  of  probability,  ac- 
count for  thofe  bones  of  the  elephant  found  in 
Siberia  and  in  America  ? He  concludes  with  enu- 
merating the  weight  and  dimenfions  of  all  the 
teeth  brought  from  the  falt-marfh  near  the  river 
Ohio,  the  largeft  of  which  belonged  to  Captain 
Ourry,  and  weighed  fix  pounds  and  a half. 

Mr.  Collinfon,  in  his  fécond  Eflay,  read  before 
the  Royal  Society  of  London,  December  io,  1767, 
remarks,  that,  as  one  of  the  tufks  found  in  the 
falt-marfh  was  ftriated  or  furrowed  near  the 
thickeft  end,  he  entertained  fome  doubts  whether 
thefe  furrows  were  peculiar  to  the  elephant  fpecies. 
To  fatisfy  himfelf  on  this  head,  he  vifited  the 
warehoufe  of  a merchant  who  dealt  in  all  kinds 
of  teeth  ; and,  after  examining  them,  he  difco- 
vered  that  there  were  as  many  tufks  furrowed 
as  fmooth  at  the  thick  end;  and,  of  courfe,^  he 
had  no  difficulty  in  pronouncing,  that  the  tufks 
found  in  America  were,  in  every  refpedt,  fimi- 
lar  to  thofe  of  the  African  and  Afiatic  elephants. 
But,  as  the  large  American  fquare  teeth  have 
no  relation  to  the  grinders  of  the  elephant,  he 
thinks,  that  they  are  the  remains  of  fome  enor- 
mous animal  which  had  tufks  like  an  elephant, 
and  grinders  peculiar  to  its  own  fpecies,  their 
6 magnitude 
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magnitude  and  form  being  totally  different  from 
thofe  of  any  known  animal 

In  the  year  174S,  M.  Fabri,  who  had  made 
great  excurfions  into  the  northern  parts  of  Loui- 
liana  and  the  fouthern  regions  of  Canada,  in- 
formed me,  that  he  had  feen  heads  and  fkeletons 
of  an  enormous  quadruped,  called  by  the 
Savages  the  father  of  oxen;  and  that  the  thigh- 
bones of  thefe  animals  were  from  five  to  fix 
feet  in  length.  Some  time  after,  and  previous 
to  the  year  1767,  fpecimens  of  thefe  large  teeth 
belonging  to  the  unknown  animal,  as  well  as 
thole  of  the  hippopotamus,  and  bones  of  the 
elephant,  all  found  in  America,  were  tranfmitted 
to.  Paris.  The  number  of  them  is  too  confiderable 
to  leave  any  doubt  that  thefe  animals  formerly 
exifted  in  the  northern  regions  of  America,  as 
well  as  in  thofe  of  Europe  and  Afia. 

But  elephants  have  likewife  exifted  in  all  the 
temperate  countries  of  our  Continent.  I men- 
tioned tufks  found  in  Languedoc  near  Simore, 
and  thofe  difeovered  in  Cominges  in  Galcony. 
To  thefe  I fhail  add  the  largeft  and  fineft  of  the 
whole,  lately  lent  to  the  Royal  Cabinet  by  the 
Duc  de  la  Rochefoucauld,  whole  zeal  for  pro- 
moting fcience  is  a refult  of  his  general  know- 
ledge. This  excellent  fpecimen  he  found, 
along  with  M.  Defmarets  of  the  Acadamy  of 

* Phil.  Tranf.  1767. 

Sciences, 
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Sciences,  when  viewing  the  fields  in  the  environs 
of  Rome.  This  tufk  was  divided  into  five  frag- 
ments, which  the  Duc  de  la  Rochfoucauld  order- 
ed to  be  collected.  One  of  thefe  fragments 
was  ftolen  by  the  porter  who  had  the  charge  of 
it,  and  there  remained  only  four,  which  were 
about  eight  inches  in  diameter.  When  laid  to- 
gether, thefe  four  fragments  were  feven  feet  in 
length  ; and  we  learn  from  M.  Defmarets,  that 
the  fifth  fragment,  which  was  loft,  was  near 
three  feet  long.  Hence  the  total  length  of  the 
tufk  muft  have  been  about  ten  feet.  By  examin- 
ing the  broken  ends,  we  difeovered  every  cha- 
racter of  elephantine  ivory  ; though,  by  being 
long  buried  under  ground,  it  has  become  light 
and  friable,  like  all  oilier  foftil  ivories. 

M.  Tozzetti,  a learned  Italian  naturalift,  re- 
lates, that  there  were  found,  in  the  valleys  of 
Arno,  the  bones  of  elephants  and  other  terref- 
trial  animals  in  great  quantities,  fcattered  here 
and  there  in  the  ftrata  of  the  earth.  We  may, 
therefore,  he  remarks,  conclude,  that  elephants 
were  formerly  natives  of  Europe,  and  efpecially 
of  Tufcany  *. 

c We  found,’  fays  M.  Caliellini,  c about  the 
c end  of  November  1759,  in  a country  eftate 

* belonging  to  the  Marquis  de  Petrella,  fituated 

* at  Fufigliano  in  the  territory  of  Cortona,  a 

* Extrait  d’une  Lettre  du  Docteur  Tozzetti  5 Journal  Etranger, 
de  Décembre  1755. 


* fragment 
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4 fragment  of  an  elephant’s  bone  moftly  encruft- 

4 ed  with  a ftony  matter Similar  foffii 

4 bones  have  formerly  been  difcovered  in  our 
4 environs. 

4 In  the  cabinet  of  M.  Galeotto  Corazzi,  there 
4 is  another  large  portion  of  a petrified  elephant’s 
4 tulk,  which  was  lately  found  in  the  neighbour- 
4 hood  of  Cortona,  at  a place  called  la  Selva.  . * 

4 Having  compared  thefe  fragments  with  a piece 
4 of  an  elephant’s  tufk  lately  brought  from  Afia, 

4 we  found  that  the  refemblance  between  them 
4 was  perfeft. 

4 In  the  month  of  April  laft  M.  l’Abbé  Mea- 
4 rini  brought  me  an  entire  jaw-bone  of  an  ele- 
4 phant,  which  he  had  found  in  the  diftrift  of 
4 Farneta,  a village  belonging  to  this  diocefe, 

4 This  jaw-bone  is  moftly  petrified,  and  parti- 
4 cularly  on  the  two  fides,  where  the  ftony  in- 
4 cruftation  rifes  an  inch  above  the  furface,  and 
4 has  all  the  hardnefs  of  a ftone. 

4 Laftly,  I am  indebted  to  M.  Muzio  Angelieri 
4 Alticozzi,  a gentleman  of  this  town,  for  a 
4 thigh-bone  of  an  elephant,  which  is  almoft 
4 entire.  He  difcovered  it  in  one  of  his  country 
f eftates  called  Rota,  which  is  fituated  in  the 
« territory  of  Cortona.  This  bone  is  a Florence 
* fathom  long,  and  is  likewife  petrified,  particu- 
4 larly  in  the  upper  extremity,  called  the  head*/ 

* Lettre  de  M.  Louis  Coîtellini  de  Cortone  ; Journal  Etranger, 
mois  de  Juillet  1761. 

la 
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In  the  fame  manner,  we  find  in  France,  and 
in  all  the  other  nations  of  Europe,  fkeletons^and 
vertebræ  of  marine  animals,  which  can  only 
fubfift  in  the  moll  fouthern  feas.  The  fame 
change  of  temperature,  therefore,  has  happened 
in  the  various  parts  of  the  ocean  as  well  as  in 
thofe  of  the  land  ; and  this  fécond  fad:,  like  the 
firft,  as  it  proceeds  from  the  fame  caufe,  con- 
firms the  whole. 

When  we  compare  thofe  ancient  monuments 
of  the  firft  age  of  animated  nature  with  her  ac- 
tual produdions,  we  evidently  perceive  that  the 
conftituent  form  of  each  animal  has  remained 
the  fame,  and  that  there  is  no  alteration  in  the 
principal  parts  of  their  ftrudure.  The  type  of 
each  fpecies  has  fuffered  no  change.  The  in- 
ternal mould  has  invariably  preferved  its  form. 
However  long  we  may  fuppofe  the  fucceffion  of 
time,  whatever  number  of  generations  may  have 
paffed,  the  individuals  of  each  kind  ftill  exhibit 
the  fame  forms  as  thofe  of  the  firft  ages,  efpe- 
cially  in  the  larger  fpecies,  v/hofe  charaders  are 
more  fixed,  and  whole  nature  is  more  permanent; 
for  the  inferior  fpecies  have,  as  formerly  re-\ 
marked,  been  fenfibly  affeded  by  the  dif- 
ferent caufes  of  degeneration.  We  muft,  how- 
ever, remark,  with  regard  to  the  larger  fpecies, 
fuch  as  the  elephant  and  hippopotamus,  that,  by 
comparing  their  ancient  remains  with  thofe  of 
our  times,  we,  in  general,  perceive  that  thefe 

animals 
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animals  were  then  much  larger  than  they  are  at 
prefent.  Nature  was  then  in  her  primitive  vi- 
gour. The  internal  heat  of  the  earth  beftowed 

o 

on  its  produdions  all  the  vigour  and  magnitude 
of  which  they  were  fufceptible.  The  firft  ages 
produced  giants  of  every  kind.  Dwarfs  and 
pigmies  fucceeded,  after  the  earth  had  cooled  ; 
and  if,  as  other  monuments  feem  to  indicate, 
fome  fpecies  of  animals,- which  formerly  exifted, 
are  now  loft,  this  effed  could  only  be  produced, 
becaufe  their  nature  required  a greater  degree  of 
heat  than  what  is  now  felt  in  the  torrid  zone. 
Thofe  enormous  and  nearly  fquare  grinders  with 
blunt  knobs,  thofe  large  cornua  ammonis,  of 
which  fome  are  feveral  feet  in  diameter,  and 
many  other  foflil  fifties  and  ftiells,  which  no 
longer  have  any  living  reprefentatives,  exifted 
only  in  thofe  primitive  times  when  the  earth 
and  fea  were  ftill  warm,  and  produced  and  nou- 
rifhed  animals  to  whom  this  degree  of  heat  was 
neceflary,  and  who  exift  not  at  prefent,  becaufe 
they  have  probably  perifhed  by  cold. 

To  know  all  the  petrifadions  of  which  there 
are  no  living  reprefentatives,  would  require  long 
ftudy  and  an  exad  comparifon  of  the  various 
fpecies  of  petrified  bodies,  which  have  been 
found  in  the  bowels  of  the  earth.  This  fcience 
is  ftill  in  its  infancy.  We  are  certain,  how- 
ever, that  there  are  many  of  thofe  fpecies,  fuch 
as,  the  cornua  ammonis,  ortoceratites,  lenticular 

and 
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and  numifmal  (tones,  belemnites,  Judaic  (tones, 
anthropomorphites,  &c.  tvhich  cannot  be  re- 
ferred to  any  fpecies  now  exifting.  We  have 
feen  cornua  ammonis  of  two  and  three  feet  in 
diameter  ; and  we  have  been  affured  by  men 
worthy  of  credit,  that  a cornua  ammonis  has  been 
found  in  Champagne  larger  than  a mill-done, 
fince  it  was  eight  feet  in  diameter  and  one  foot 
thick.  I had  an  offer  of  its  being  fent  to  me. 
But  the  enormous  weight  of  this  mafs,  which 
is  8000  pounds,  and  its  great  diftance  from  Pa- 
ris, prevented  me  from  accepting  the  prefent. 
Thefe  examples,  and  others  which  might  be 
given,  are  fufficient  to  (how,  that  many,  fpecies 
of  (hell  and  cruftaceous  animals  formerly^iiift- 
ed  in  the  fea,  of  which  there  are  now  no  living 
reprefentatives.  The  fame  obfervation  is  ap- 
plicable to  fome  of  the  fcaly  fifties.  Mod  of 
thofe  found  in  certain  dates  have  fo  little  refem- 
blance  to  the  fifties  with  which  we  are  acquaint- 
ed, that  their  fpecies  cannot  be. ascertained.  Even 
thofe  in  the  Royal  Cabinet,  which  are  perfectly 
preferved  in  maffes  of  (lone,  cannot  be  referred 
to  any  of  our  known  fpecies.  It  appears,  there- 
fore, that  the  fea  formerly  nourifhed  many  ge- 
nera, whofe  fpecies  no  longer  exift. 

But,  with  regard  to  terreftrial  animals,  we 
have  only  a fmgle  example  of  a loft  fpecies, 
and  it  appears  to  have  been  the  largeft,  without 
excepting  even  the  elephant  : And,  fince  the 

examples 
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examples  of  loft  fpecies  are  more  rare  in  land 
than  in  marine  animals,  is  it  not  probable,  that 
the  produdion  of  the  former  was  pofterior  to 
that  of  the  latter  ? 

From  thefe  fads  and  monuments  we  may 
perceive  fix  fucceffive  epochs  in  the  firft  ages  of 
Nature  ; fix  fpecies  of  duration,  the  limits  of 
>vhich,  though  indeterminate,  are  not  the  lefs 
real  ; for  thefe  epochs  are  not,  like  thofe  of 
civil  hiftorv,  marked  by  fixed  points,  or  limited 
by  centuries  and  other  portions  of  time  which 
admit  of  an  exad  meafurement.  They  may, 
however,  be  compared  between  themfelves,  and 
their  relative  duration  may  be  efti  mated  by  other 
fads  and  monuments,  which  indicate  contempo- 
rary dates. 

After  finifhing  his  preliminary  difcourfe,  the 
Count  de  Buffon  proceeds  to  ftate  the  different 
epochs  of  Nature,  which  he  divides  into  feven 
great  periods. 


Epoch  First. 

When  the  Earth  and  Planets  jirjl  ajfumed  their 
proper  Form . 


VOL.  IX. 


Epoch 
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Epoch  Second. 

When  the  fluid  Matter  confolidatedy  and  formed 
the  mterior  Rock  of  the  Globe , as  well  as  thofe 
great  vitrifiable  MaJJes  which  appear  on  its 
Surface . 

Epoch  Third. 

When  the  Waters  covered  all  the  Continents . 
Epoch  Fourth. 

When  the  Waters  retired , and  Volcano's  began  to 

aft. 


Epoch  Fifth. 

When  the  Elephants , and  other  Animals  of  the 
South , inhabited  the  northern  Regions . 

Epoch  Sixth. 

When  the  Continents  were  feparated  from  each 
other . 


Epoch  Seventh,  and  laft. 


When  the  Power  of  Man  aflifled  the  Operations  of 
Nature . 

Thefe 
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Thefe  epochs  are  purely  hypothetical,  and 
depend  more  or  lefs  on  the  notion,  that  the 
earth  and  planets  were  originally  driven  from 
the  body  of  the  fun  by  the  impulfe  of  a comet, 
and,  of  courfe,  remained  long  in  a Rate  of  li- 
quid fire.  We  fhall  therefore  content  ourfelves 
with  having  barely  mentioned  them,  and  pro- 
ceed to  enumerate  fome  fadls  and  pofitions, 
which,  though  applied  in  fupport  of  a fanciful 
fyftem,  are  curious,  andTnay  be  ufeful. 

The  Count  de  Buffon  remarks,  that  the  ca- 
vities and  eminencies’of  the  globe  have  been  en- 
crufled,  and  fometimes  filled  with  metallic  fub- 
ftances,  which  are  ftill  found  in  thefe  fituations. 

4 Metallic  veins,’  fays  M.  Eller,  4 are  found 
4 only  in  elevated  places,  in  a long  chain  of 
4 mountains.  This  chain  of  mountains  is  al- 
4 ways  fupported  by  a bafis  of  hard  rock.  As 
4 long  as  this  rock  preferves  its  continuity,  there 
4 is  no  chance  of  difcovering  metallic  veins. 

4 But,  when  we  meet  with  crevices,  or  fiffiires, 

4 we  then  entertain  hopes  of  finding  metal. 

4 Mineralogifts  have  remarked,  that,  in  Ger- 
4 many,  the  moft  favourable  fituation  is  when 
4 the  mountains  rife  gradually,  ftretch  toward 
4 the  fouth-eaft,  and,  after  attaining  their  great- 
4 eft  elevation,  defcend  gently  toward  the  north- 
4 weft.  . . . 

4 It  is  generally  in  a rugged  rock,  the  extent 
4 of  which  is  often  unlimited,  but  fplit  into 

u 2 4 fiffures. 
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4 fiffures,  that  metals  are  found  fometimes  pure* 
c but  generally  in  the  Hate  of  ores,  Thefe  fifi- 
c fures  are  commonly  encrufted  with  a white 
fhining  fubftance  called  quartz  by  the  miners  : 
When  heavier,  but  foft  and  laminated  nearly 
4 like  chalk,  it  receives  the  denomination  of 
4 fpar . It  is  furrounded,  on  the  fide  next  the 
4 rock,  with  a kind  of  flime,  which  feems  to 
4 nourifh  thefe  quartzy  or  fparry  earths.  Thefe 
4 two  coverings  ferve  as  a fheath  for  the  vein. 

4 The  more  perpendicular  the  vein,  the  more  is 
4 to  be  expected  from  it.  Whenever  the  miners 
4 find  a perpendicular  vein,  they  fay  that  it  will 
4 be  very  productive. 

4 In  thefe  fiffures  and  cavities,  metals  are 
4 formed  by  a perpetual  and  pretty  ftrong  eva- 
4 poration.  The  vapours  which  iffue  from  mines 
4 fhow  th%t  this  evaporation  is  ftill  going  on. 
4 Fiffures  which  have  no  exhalation  are  com- 
4 monly  barren  of  metal.  The  moft  certain  proof 
4 that  the  exhaling  vapours  carry  along  with 
4 them  mineral  particles,  and  apply  them  to  the 
4 fides  of  the  fiffures,  is  that  fucceffive  encrufta- 
4 tion  which  is  apparent  in  the  whole  circumfer- 
4 ence  of  thefe  fiffures  or  hollows  of  rocks,  till 
4 their  cavities  are  completely  filled,  and  the  folid 
4 vein  is  formed.  This  fad  is  ftill  farther  con- 
4 firmed  by  the  tools  left  in  thefe  hollows  ; and, 
4 fevêral  years  after,  they  are  found  to  be  en- 
4 crufted  with  metal. 

4 The 


FACTS  AND  ARGUMENTS,  &c.  3^9 

c The  fiflures  which  furnifh  the  mod  rich 
veins  of  metal  always  incline  to  a perpendicular 
direction.  In  proportion  as  the  miners  de- 
fcend,  the  temperature  of  the  air  is  always 
warmer  ; and  the  exhalations  are  fometimes  fo 
abundant,  and  fo  noxious,  that,  in  order  to 
avoid  fuffocation,  the  miners  are  obliged  Jo 
fly  to  the  pits  or  galleries,  otherwife  they 
would  be  inftantly  deftroyed  by  the  arfenical 
and  fulphureous  particles.  Sulphur  and  arfenic 
are  commonly  found  in  the  four  imperfedt, 
and  in  all  the  femimetals,  and  it  is  from  thefe 
they  receive  their  metallic  form. 

4 Gold,  and  fometimes  filver  and  copper,  are 
the  only  metals  which  are  found  pure  in  any 
quantities.  But,  in  general,  copper,  iron, 
lead,  and  tin,  when  taken  out  of  the  veins, 
are  mineralized  with  fulphur  and  arfenic.  We 
know  from  experience,  that  metals  lofe  their 
metallic  form  by  degrees  of  heat  proportioned 
to  each  fpecies.  This  deftrudtion  of  the  metal- 
lic form,  which  the  four  imperfedf  metals  un- 
dergo, (hows  that  the  bafis  of  metals  is  an 
earthy  matter  ; and,  as  thefe  calces,  as  well  as 
the  calcarious  and  gypfeous  earths,  vitrify  by 
the  application  of  a certain  degree  of  heat,  we 
are  certain  that  metallic  earth  belongs  to  th$ 
clafs  of  vitrifiable  earths  V 

* Mem.  de  M.  Eller  fur  POrigine  et  la  Generation  des  Métaux. 

U 3 M.  Lehman, 
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M.  Lehman,  a celebrated  chymift,  is  the  firft 
perfon  who  fufpeâed  that  metallic  fubftances  had 
a double  origin.  4 Gold  and  filver,’  he  remarks, 

4 are  found  in  mafles  only  in  the  mountains 
4 which  have  veins,  and  iron  is  found  only  in 
4 thofe  mountains  which  have  regular  ftrata. 

4 All  the  fmall  pieces  of  gold  and  filver  found 
4 in  the  mountains  with  ftrata  have  been  detach- 
4 ed  from  veins  in  the  fuperior  mountains  in  the 
4 neighbourhood  of  the  former. 

4 Gold  is  never  in  the  form  of  ore.  It  is  al- 
4 ways  found  in  a native  or  virgin  ftate,  though 
4 it  is  often  fcattered  about  in  particles  fo  mi- 
4 nute,  that  it  cannot  be  diftinguiftied  even  by 
4 the  beft  microfcopes.  In  the  mountains  with 
4 ftrata,  no  gold,  and  very  little  filver,  are  to  be 
4 found.  Thefe  two  metals  belong  exclufively 
4 to  mountains  with  veins.  Sometimes,  how- 
4 ever,  we  find  filver  in  fmall  leaves,  or  under 
4 the  form  of  hair,  in  flate.  Native  copper  of- 
4 tener  occurs  in  flate  ; and  this  copper  is  alfo 
4 commonly  in  the  form  of  threads  or  hair. 

4 A few  years  after  iron-ores  have  been  taken 
4 from  the  earth,  they  are  reproduced.  They 
4 are  not  found  in  the  mountains  with  veins, but 
4 in  thofe  with  ftrata.  Iron  is  feldom,  if  ever,  met 
4 with  in  a native  ftate. 

4 With  regard  to  native  tin,  it  has  no  exift- 
4 ence  in  Nature,  and  is  only  produced  by  the 
6 affiftance  of  fire*  The  fame  remark  is  appli- 

4 cable 
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cable  to  lead,  though  the  grains  found  in 
Silefia  have  been  confidered  as  native  lead. 

‘ Native  mercury  is  found  in  ftrata  of  fat  ar- 
gillaceous earth,  or  in  flate. 

* The  filver  ores  found  in  flate  are  not  nearly 
fo  rich  as  thofe  found  in  the  mountains  with 
veins.  This  metal  found  in  beds  of  flate  ; 
and  is  always  in  the  form  of  minute  particles, 
threads,  or  ramifications,  but  never  appears  in 
large  maffes.  Thefe  beds  of  flate  mull  like- 
wife  be  adjacent  to  the  mountains  with  veins. 
The  filver-ores  found  in  ftrata  are  never  in  a 
folid  or  compact  form.  All  the  other  ores, 
which  contain  much  filver,  are  peculiar  to  the 
mountains  with  veins.  There  is  a great  deal 
of  filver  in  the  ftrata  of  flate  ; and  it  is  alfo 
fometimes  found  in  pit-coal. 

‘ Tin  is  the  metal  which  moft  rarely  appears 
in  ftrata  ; lead  is  more  common  in  that  fitua- 
tion.  We  find  it  attached  to  flate,  but  never 
to  coal. 

1 Iron  is  almoft  univerfally  diffufed,  and  is 
found  in  beds  under  a number  of  different 
forms. 

4 Cinnabar,  cobalt,  bifmuth,  and  lapis  cala- 
minaris,  are  likewife  commonly  found  in  beds. 
4 Pit-coal,  jett,  amber,  and  aluminous  earth, 
are  produced  by  vegetables,  and  efpecially  by 
refinous  trees  which  have  been  buried  in  the 
earth,  and  have  been  more  or  lefs  decom- 
u 4 4 pofed  ; 
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4 pofed  ; for  we  often  find,  above  the  ftrata  of 
4 coal,  wood  which  is  not  totally  decompofed  ; 

4 and  it  is  ftill  more  decompofed  as  we  defcend 
4 deeper.  Slate,  which  covers  coal,  is  often  full 
4 of  the  impreffions  of  plants,  fuch  as  ferns, 

4 maiden-hair,  &c.  It  is  remarkable,  that  all  thefe 
4 impreffions  belong  to  foreign  plants,  and  the 
4 wood  likewife  .appears  to  be  foreign.  Amber, 

4 which  ought  to  be  regarded  as  a vegetable  refin, 

4 often  includes  infeâs,  which,  when  attentively 
4 examined,  belong  not  to  the  climate  where  they 
4 now  exift.  Aluminous  earth  is  frequently  la- 
4 minated,  and  refembles  wood  fometimes  more 
4 and  fometimes  lefs  decompofed. 

4 Sulphur,  alum,  and  fai  ammoniac,  are  found 

* in  beds  formed  by  volcano’s, 

4 Petroleum  and  naphtha  indicate  a fubterra- 
4 neons  fire,  which  produces  a diftillation  from 
4 pit-coal.  We  have  examples  of  thefe  fubter- 
4 raneous  fires  which  a£t  filently,  in  the  coal 
4 ftrata  of  Britain  and  Germany.  They  burn 
4 long  without  any  explofion  ; and  it  is  in  the 

* neighbourhood  of  thefe  fubterraneous  fires 

* that  hot  fprings  are  found. 

4 The  mountains  which  contain  veins  include 
4 neither  coal  nor  bituminous  and  combuftible 
4 bodies  : Thefe  fubftances  are  found  only  in  the 
4 mountains  with  ftrata.’ 

In  the  fécond  epoch  of  Nature,  the  Count 
$£  Bufibn  remarks,  4 that,  in  the  northern  re- 

4 gions 
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c gîons  there  are  mountains  compofed  entirely 
* of  iron.’  I mention,  fays  he,  by  way  of  ex- 
ample, the  iron  mines  near  Taberg  in  S mol  and, 
a part  of  the  ifland  of  Gothland  in  Sweden. 
It  is  the  mo  ft  remarkable  of  thofe  mines,  or  ra- 
ther mountains  of  iron  which  have  the  quality 
of  yielding  to  the  attraction  of  the  load-ftone  ; 
which  proves  that  they  have  been  formed  by 
the  adion  of  fire.  The  bafts  of  this  mountain 
is  a very  fine  fand.  Its  height  is  more  than 
400  feet,  and  its  circumference  about  one  league. 
It  is  compofed  entirely  of  a rich  ferruginous 
matter,  and  we  even  find  in  it  native  iron,  which 
is  another  proof  that  it  has  undergone  the  ac- 
tion of  a violent  fire.  This  ore,  when  broken, 
exhibits  fmall  fhining  particles,  which  fometimes 
crofs  each  other,  and  fometimes  are  arranged 
like  fcales.  This  mine  has  been  wrought  above 
two  hundred  years. 

The  ore  in  this  mountain  is  not  difpofed  in 
regular  beds  ; neither  is  the  iron  every  where  of 
equal  goodnefs.  Through  the  whole  mountain 
there  are  fiffures  fometimes  perpendicular,  and 
fometimes  horizontal  : Thefe  are  all  filled  with 
fand,  which  contains  no  iron.  This  fand  is 
pure,  and  of  the  fame  fpecies  with  that  on  the 
fea-coaft.  In  this  fand,  wre  fometimes  find  the 
bones  of  animals,  and  the  horns  of  flags,  which 
fhows  that  the  fand  has  been  carried  thither  by 
the  waters,  and  that  the  formation  of  this  iron 

mountain 
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mountain  by  fire  happened  before  the  crevices 
and  the  perpendicular  and  horizontal  Allures 
were  filled  with  fand. 

The  malles  of  ore  are  rolled  down  from  the 
top  of  the  mountain  ; but,  in  other  mines,  the 
minerals  mull  be  drawn  up  from  the  bowels  of 
the  earth.  This  ore  muft  be  broken  to  pieces, 
or  pounded,  before  it  is  put  into  the  furnace, 
where  it  is  fmelted  by  means  of  charcoal  and  cal- 
carious  ftones. 

This  hill  of  iron  is  fituated  in  an  elevated  and 
mountainous  diftridt,  about  eighty  leagues  from 
the  fea  : It  feems  to  have  formerly  been  alto- 
gether covered  with  fand  *. 

We  are  next  informed,  that  there  are  moun- 
tains of  load-ftone  in  fome  countries,  and  parti- 
cularly in  thofe  of  the  North.  From  the  fore- 
going example,  we  have  feen  that  the  iron 
mountain  of  Taberg  rifes  400  feet  above  the 
level  of  the  fea.  M.  Gmelin,  in  his  travels 
through  Siberia,  remarks,  that,  in  the  northern 
countries  of  Afia,  almoft  all  the  metallic  ores 
are  found  on  the  furface  of  the  earth,  whilft  in 
other  countries  they  are  buried  deep  in  the  in- 
terior parts  of  the  earth.  This  fadt,  if  generally 
true,  is  a new  proof  that  metals  have  been  form- 
ed by  the  primitive  fire,  and  that  the  globe  be- 

* Extrait  d’un  Article  de  l’Ouvrage  périodique  quia  pour  titre, 
Norfdilcbe  beMrage , &c.  Contribution  du  Nord  pour  les  Progrès 
de  la  Phyfique,  des  Sciences,  et  des  Arts,  1756. 
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ing  lefs  thick  in  the  northern  regions,  metals 
were  formed  nearer  the  furface  than  in  the  fouth- 
ern  countries, 

M.  Gmelin  examined  the  great  mountain  of 
loadftone  among  the  Bafchkires  in  Siberia, 
This  mountain  is  divided  into  eight  parts  by 
valleys,  of  which  the  feventh  part  produces  the 
belt  loadftone.  The  fummit  of  this  portion  of 
the  mountain  conflits  of  a yeilowifh  ftone,  which 
feems  to  partake  of  the  nature  of  jafper.  We 
there  find  ftones  that  have  the  appearance  of 
free~ftone,  which  weigh  from  two  to  three 
thoufand  pounds  ; but  they  all  have  a magnetic 
virtue.  Though  covered  with  mofs,  they  fail 
not,  at  more  than  the  diftance  of  an  inch,  to 
attract  iron  and  fteel.  The  fides  expofed  to  the 
air  have  the  ftrongeft  magnetic  power,  thofe 
covered  with  the  earth  being  much  weaker. 
Thofe  parts  which  are  expofed  to  the  injuries  of 
the  air  are  fofter,  and,  confequently,  lefs  proper 
for  being  armed.  A large  portion  of  load- 
ftone, of  the  fize  above  mentioned,  is  compofed 
of  a number  of  other  portions  which  a£t  in  dif- 
ferent directions.  To  work  them  properly, 
they  Ihould  be  feparated  in  fuch  a manner  that 
the  whole  portion,  which  includes  the  virtue  of 
each  particular  magnet,  Ihould  preferve  its  uni- 
ty : By  obferving  this  rule,  we  would  probably 
obtain  magnets  of  an  uncommon  ftrength.  But, 
as  they  are  cut  without  any  forefight,  many 
4 portions 
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portions  are  of  no  value,  either  becaufe  they 
contain  little  or  no  magnetic  power,  or  becaufe. 
In  a Tingle  piece,  there  are  two  or  three  mag- 
nets united  : Such  portions  have  indeed  a mag- 
netic virtue  ; but,  as  it  is  not  diredted  to  the 
fame  point,  a magnet  of  this  kind  mu  ft  be  fub- 
jedt  to  great  variations. 

The  loadftone  of  this  mountain,  except  what 
is  expofed  to  the  air,  is  exceedingly  hard,  fpot- 
ted  with  black,  and  full  of  little  knots  or  protu- 
berances, confifting  of  fmall  angular  parts,  like 
thofe  often  obfervable  on  the  furface  of  blood- 
ftone,  from  which  it  differs  only  in  colour  ; but, 
inftead  of  thefe  angular  parts,  we  fometimes  per- 
ceive a kind  of  ochery  earth,  In  general,  load- 
Hones  with  thefe  angular  parts  have  lefs  power 
than  the  other  kinds.  That  part  of  the  moun- 
tain where  the  loadftones  are  found  is  compofed 
almoft  entirely  of  a fine  iron  ore,  which  lies  in 
fmall  portions  among  the  loadftones.  The 
whole  fedlion  of  the  high  part  of  the  mountain 
contains  a fimilar  ore  ; but,  in  proportion  as  we 
defeend,  the  metal  is  more  rare.  Below  the 
ore  of  loadftone,  there  are  other  ferruginous 
ftones,  which,  if  melted,  would  produce  very 
little  iron.  Thefe  ftones  have  the  colour  of 
metal,  and  are  very  heavy.  Their  interior 
parts  are  irrégular,  and  have  nearly  the  appear- 
ance of  feoriæ.  In  their  furfaces  they  pretty 
much  referable  loadftones  ; but  they  have  no 

magnetic 
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magnetic  power.  Between  thefe  ftones  there  are 
other  pieces  of  rock  which  appear  to  be  compof- 
ed  of  fmall  particles  of  iron.  The  ftone  itfelf 
is  heavy,  but  very  foft.  The  interior  parts  re- 
ferable burned  matter,  and  they  have  little  or 
no  magnetic  virtue.  We  like  wife  meet  occa- 
iioeally  with  a brown  iron  ore  in  beds  of  an 
inch  thick  ; but  it  yields  very  little  metal  *. 

In  the  mountains  of  Poias  in  Siberia,  there 
are  feveral  other  mines  of  loadftone.  Ten 
leagues  off  the  road  which  leads  from  Catharin- 
bourg  to  Salika'mfkaia,  there  is  a hill  called  Go- 
la%injkiy  which  is  more  than  twenty  fathoms 
high,  and  is  entirely  compofed  of  a loadftone 
rock.  It  has  the  brown  colour  and  the  denfity 
of  iron. 

Twenty  leagues  from  Salikamfkaia,  we  find 
cubical  loadftones  of  a brilliant  greenifh  colour* 
When  pulverifed,  the  grains  have  the  appear- 
ance of  lire.  It  is  worthy  of  remark,  that  load- 
ftone is  found  only  in  thofe  chains  of  mountains 

j 

which  ftretch  from  fouth  to  north  f. 

In  the  countries  bordering  upon  Lapland,  and 
on  the  confines  of  Bothnia,  two  leagues  diftant 
from  Cokluanda,  there  is  an  iron  ore,  from 
which  very  fine  loadftones  are  extracted.  4 We 
4 admired,’  fays  Regnard,  4 the  furprifmg  effeds 

* Extrait-  d’HilE  Generale  des  Voyages,  tom.  xviii,  p.  141. 
See. 

f Ibid.  tom.  xix,  p.  472. 

4 of 
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4 of  this  ftone,  when  it  remained  in  its  natural 
4 fituation.  It  required  a great  deal  of  force  to 
4 obtain  pieces  of  the  magnitude  we  wifihed;  and 
4 the  large  hammer  employed  remained  fo  fixed 
4 to  the  wedge  in  the  ftone,  that  the  workman 
4 required  afiiftance  to  difengage  it.  I tried  the 
4 experiment  myfelf  ; I took  a large  iron  lever, 
4 which  was  fo  heavy  that  I could  hardly  fup- 
4 port  it  ; I brought  it  near  the  wedge  by  which 
4 it  was  attra&ed  and  fupported  with  an  amaz- 
4 ing  force.  I held  a mariner’s  compafs  in  the 
4 middle  of  the  hole  where  the  ore  lay,  and  the 
4 needle  revolved  perpetually  with  an  incredible 
4 rapidity*.’ 

In  vol.  i.  p.  29.  I remarked,  4 that,  accord- 
4 ing  to  the  relation  of  voyagers,  the  mountains 
4 of  the  north  are  but  fmall  hills,  when  compar- 
4 ed  to  the  mountains  of  the  equatorial  regions  ; 

4 and  that  the  general  movement  of  the  waters 
4 produced  thofe  large  mountains  in  the  Old 
4 Continent,  which  ftretch  from  eaft  to  weft, 

4 and  from  north  to  fouth  in  the  New.’ 

This  paflage  requires  explanation,  as  well  as 
fome  reftri&ions.  From  a thoufand  obferva- 
tions,  it  is  certain,  that  (hells  and  other  produc- 
tions of  the  ocean  are  found  upon  the  whole 
furface  of  the  inhabited  parts  of  the  earth,  and 
even  upon  the  mountains  to  a very  great  height. 


* Oeuvres  de  Regnard,  tom.  i.  p.  185. 
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I advanced,  from  the  authority  of  Woodward, 
who  firft  colle&ed  fads  upon  this  fubjed,  that 
fhells  were  likewife  found  on  the  tops  of  the 
higheft  mountains.  From  my  own  obfervations, 
as  well  as  thofe  of  others,  I know,  that  there 
are  fhells  in  the  Alps  and  Pyrennees  at  900, 
1000,  1200,  and  1500  fathoms  above  the  level 
of  the  fea  ; that  they  are  likewife  found  in  the 
mountains  of  Afia  ; and,  laftly,  in  the  Corde- 
lieres  of  America,  a bank  of  fhells  has  lately  been 
difcovered  at  the  height  of  more  than  2000  fa- 
thoms above  the  fea 

It  is,  therefore,  certain,  that,  in  all  the  dif- 
ferent parts  of  the  world,  and  even  to  the  height 
of  1500  or  2000  fathoms  above  the  prefent  level 

* M.  le  Gentil,  of  the  Academy  of  Sciences,  wrote  me  the 
following  letter,  in  December  1771  : * Don  Antonio  Ulloa 
( defired  me,  when  departing  from  Cadiz,  to  fend  him  two 
f petrified  (hells,-  which,  in  the  year  1761,  he  had  dug  out 
c of  the  mountain  that  contains  the  quickfilver  mines.  This 

* mountain  is  in  the  government  of  Ouanca-Velica  in  Peru.  Its 

* fouthern  latitude  is  from  13  to  14  degrees.  At  the  place  where 

* thefe  fhells  are  found,  the  mercury  ftood  at  17  inches  i|  line, 
c which  correfponds  to  the  height  of  2222!  fathoms  above  the 

* level  of  the  fea. 

* At  the  top  of  the  mountain,  which  is  far  from  being  the 

* higheft  in  this  canton,  the  mercury  ftands  at  i6|  inches,  which 

* implies  a height  of  233 fathoms. 

e In  the  town  of  Ouanca-Velica,  the  mercury  ftands  at  18 
f inches  i£  line,  which  gives  a height  of  1949  fathoms. 

* Don  Antonio  Ulloa  informed  me,  that  he  detached  thefe 
€ (hells  from  a very  thick  bank,  the  extent  of  which  he  did 

not  know  : The  (hells  are  of  the  large  pilgrim  or  fcallop 
€ kind.’ 


of 
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of  the  fea,  the  furface  of  the  globe  has  been 
covered  with  the  waters,  and  that  they  remain- 
ed long  enough  for  the  produ&ion  and  multi- 
plication of  fhell-animals  ; for  the  quantity  of 
them  is  fo  great,  that  their  fpoils  often  form 
large  banks,  which  extend  many  miles  in  length. 
They  compofe  a confiderable  part  of  the  exterior 
ftrata  of  the  earth  ; for  calcarious  fubftances, 
or  the  fpoils  of  fhells,  are  very  common  in  mod 
countries.  But,  at  high  points  of  elevation, 
i . e.  above  1500  or  2000  fathoms,  the  fummits 
of  the  mountains  generally  confift  of  pure  rock, 
granite,  and  other  vitrifiable  bodies  produced 
by  the  primitive  fire,  which  contain  no  fhells, 
madrepores,  or  any  thing  that  has  a relation  to 
calcarious  fubftances.  We  may,  therefore,  con- 
clude, that  the  fea  has  never  reached,  or  at  leaft 
for  a fhort  time  only,  thofe  moft  elevated  parts 
of  the  earth. 

To  fupport  the  teftimony  of  Don  Ulloa,  con- 
cerning the  fhells  found  in  the  Cordelieres,  we 
fhall  add  that  of  Alphonfo  Barba.  He  tells  us, 
that,  in  the  moft  mountainous  parts  df  Peru, there 
are  fhells  of  all  iizes,  fome  of  them  concave, 
others  convex,  and  the  whole  finely  imprefled*'. 
Hence  America,  as  well  as  the  other  quarters  of 
the  globe,  has  been  covered  with  the  waters  of 
the  fea.  The  firft  obfervers  were  probably  in- 
duced to  think  that  no  fhells  were  to  be  found 

* Métallurgie  d’Alphonfo  Barba,  tom.  i.  p.  64. 
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in  the  Cordelieres,  becaufe  moft  of  thefe  moun- 
tains, which  are  the  higheft  on  this  globe,  are 
either  active  or  extinguifhed  volcano’s,  the  erup- 
tions of  which  have  covered  all  the  adjacent 
countries  with  burned  fubftances  : Of  courfe, 
all  the  fhells  which  might  have  been  found 
there,  are  not  only  buried,  but  completely  de~ 
ftroyed.  It  is  not,  therefore,  furprifmg  that  no 
marine  productions  have  been  difeovered  around 
thefe  mountains,  which  either  are  at  prefent,  or 
have  formerly  been  volcano’s  ; for  the  ter- 
ritories which  furround  thefe  mountains  mud 
be  compofed  entirely  of  allies,  feoriæ,  glafs,  lava, 
and  other  burned  or  vitrified  bodies.  Thus  the 
notion  that  the  fea  never  covered  the  mountains, 
has  no  other  foundation  than  this  circumftance, 
that,  on  the  tops  of  feveral  of  them,  no  fhells  or 
other  productions  of  the  fea  are  now  to  be  feen. 
But,  as  we  find,  in  an  infinite  number  of  places, 
and  even  as  high  as  1500  or  2000  fathoms,  fhells 
and  other  fea-hodies,  it  is  evident,  that  there 
are  few  ridges  of  mountains  which  have  not  been 
covered  with  the  ocean  ; and  that  the  fpots 
where  no  fhells  appear  only  fhow  that  the  ani- 
mals which  produce  them  have  never  dwrelt  there, 
or  that  the  motion  of  the  waters  has  not  tran- 
fported  thither  marine  productions,  as  it  has  done 
in  every  other  part  of  the  globe. 

We  are  next  informed,  that  fome  fifhes  and 
plants  can  live  and  vegetate  in  waters  lo  hot  as 
vol.  ix.  x from 
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from  50  to  63  degrees  of  the  thermometer. 
There  are  many  examples  of  plants  growing  in 
the  hottefl  bath-waters  ; and  M.  Sonnerat  found 
fifties  in  water  the  heat  of  which  was  fo  great 
that  he  durfl  not  plunge  his  hand  into  it.  4 Two 
4 leagues  from  Calamba,’  fays  he,  4 I found  in 
4 the  Ifle  of  Luçon,  near  the  village  of  Bally,  a 
4 brook,  the  water  of  w7hich  was  fo  hot  that 
4 Reaumur’s  thermometer,  when  plunged  into 
4 it,  about  a league  from  its  fource,  flood  at 
4 the  69th  degree.  Upon  perceiving  fuch  a 
4 degree  of  heat,  I imagined,  that  all  the  produc- 
4 tions  of  nature  muft  have  been  extinguifhed 
4 upon  the  margin  of  this  brook.  But  I was 
4 much  furprifed  when  I faw  three  vigorous 
4 fhrubs,  the  roots  of  which  were  immerfed  in 
4 this  boiling  water,  and  their  branches  fur- 
4 rounded  with  its  vapour.  The  heat  was  fo 
4 great,  that,  when  the  fwallows  attempted  to 
4 crofs  the  water  at  feven  or  eight  feet  high,  they 
4 uniformly  fell  down  dead.  One  of  thefe  fhrubs 
4 was  an  agnus  cajlus , the  other  two  were  a 
4 fpecies  of  broom  called  afpcilathus.  During  my 
4 abode  in  this  village,  I conflantly  drank  this  wa- 
4 ter  after  it  was  cooled.  Its  tafle  feemed  to  be 
4 earthy  and  ferruginous.  Several  baths  are  con- 
4 flru&ed  along  this  brook,  and  their  degrees  of 
4 heat  are  proportioned  to  their  diflance  from  its 
4 fource.  When  I vifited  the  firfh  bath,  my 
4 furprife  was  increafed  : In  this  water,  which 

4 was 


FACTS  AND  ARGUMENTS,  &c.  323 

4 was  fo  hot  that  I durft  not  plunge  my  hand 
4 into  it,  I faw  fifties  fwimming.  I ufed  every 
4 effort  to  procure  lome  of  them  ; but  their  agi- 
4 lity,  and  the  want  of  addrefs  in  the  people, 
* prevented  me  from  fucceeding.  I examined 
4 them  in  the  water  -}  but  I could  not  diftinguifh 
« their  genus,  on  account  of  the  vapour  rifing 
4 from  the  water.  They  had  brown  fcales, 
4 and  the  largeft  of  them  were  about  four  inches 
4 long.  I could  not  learn  how  thefe  fifties 
4 had  got  into  the  baths.’  The  teftimony  of 
M.  Sonnerat  is  ftrengthened  by  that  of  M.  Pré- 
voit, who  travelled  with  him  into  the  interior 
parts  of  the  I fie  of  Luçon.  4 You  was  right/  M. 
Prevoft  remarks,  ‘ to  communicate  to  M.  de 
4 Buffon  the  obfervations  you  colleded  when 
4 we  travelled  together.  You  defired  me  to  con- 
4 firm  in  writing  what  furprifed  us  fo  much  in 
4 the  village  of  Bally,  fituated  on  the  margin  of 
4 the  Laguna  of  Manilla,  at  Los-bagnos.  I am 
4 forry  I have  not  a copy  of  our  obfervations 
4 made  with  Reaumur’s  thermometer.  But  l 
4 clearly  recoiled,  that  the  water  of  the  final! 
4 brock  which  pafled  through  this  village  to  fall 
4 into  the  lake,  made  the  mercury  rife  to  66 
4 or  67  degrees,  though  it  was  plunged  into  the 
4 water  at  a league’s  diftance  from  the  fource  of 
4 the  brook.  The  margins  of  this  brook  were 
4 covered  with  a very  fine  green  carpet.  You 
4 cannot  have  forgot  the  cignus  cajlus  we  faw 
4 in  flower,  the  roots  of  which  were  moiftened 
X 2 4 with 
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* with  the  water  of  the  brook,  and  its  ftem  and 
4 branches  perpetually  furrounded  with  its 
c fleams.  The  curate  of  the  village  likewife 
c affured  me,  that  he  had  feen  fifties  in  this  fame 
4 brook.  This  fa<fl  I cannot  certify.  But  I 
c faw  fifties  in  one  of  the  baths,  the  heat  of 
6 which  raifed  the  mercury  to  48  and  50  de- 
‘ grees*.’ 

I know  not  whether  fifties  have  ever  been 
found  in  our  hot  waters  ; but  it  is  certain  that 
the  bottom  of  the  hotteft  of  them  is  covered 
with  plants.  M.  l’Abbe  Mazéas  informs  us, 
that,  in  the  almoft  boiling  water  in  the  Solfatara 
of  Viterbe,  the  bottom  of  the  bafin  is  covered 
with  the  fame  plants  which  grow  at  the  bottoms 
of  lakes  and  ditches  f. 

Of  Giants . 

From  monuments  which  ftill  remain,  it  ap- 
pears, that  gigantic  animals  of  different  kinds 
have  formerly  exifted. 

The  large  teeth  with  blunt  knobs  which  I 
formerly  defcribed,  indicate  the  exiftence  of  an 
animal  whofe  magnitude  greatly  furpaffed  that 
of  the  elephant.  But  this  gigantic  fpecies  is 
now  entirely  annihilated.  Other  large  teeth, 
the  grinding  face  of  which  refembles  fpades  on 

* Voyage  à la  Nouvelle  Guineé,  par  M.  Sonnerat,  Corre- 
fpondant  4e  PAcademie  Royale  des  Sciences,  et  du  Cabinet  du 
Roi,  p.  38,  &c. 

f Mem.  des  Savans  Etrangers,  torn.  v.  p.  325. 
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cards,  like  thofe  of  the  hippopotamus,  and 
which  are  four  times  larger  than  the  teeth  of 
the  prefent  hippopotamus,  fhow  that  there  has 
been  a very  gigantic  fpecies  of  this  animal.  The 
enormous  thigh-bones,  which  far  exceed  the 
dimenfions  of  thofe  of  our  elephants,  demon- 
ftrate  the  fame  thing  with  regard  to  the  elephant 
fpecies. 

In  the  year  1772,  there  was  found,  near 
Rome,  a petrified  head  of  an  ox,  which  P.  Jac- 
quier defcribes  in  the  following  manner.  * The 
4 length  of  the  front  between  the  two  horns,  is 
4 2 feet  3 inches;  the  diftance  between  the  or- 
4 bits  of  the  eyes,  14  inches,  and  that  from  the 
4 fuperior  part  of  the  front  to  the  orbit  of  the 
4 eye  one  foot  fix  inches  ; the  circumference  of 
4 the  horn  at  the  bafe,  is  one  foot  fix  inches  ; the 
4 length  of  the  horn  four  feet  ; and  the  di- 
4 fiance  between  the  ends  of  the  horns  three 
4 feet.  The  internal  part  of  this  petrifa&k>n 
4 is  extremely  hard.  This  head  was  found  at 
4 Puzzolani  more  than  20  feet  below  the  furface 
4 of  the  ground*.’ 

4 In  the  year  1768,  I faw,  in  the  cathedral  of 
4 Strafburg,  a large  horn  of  an  ox  fufpended  by 
4 a chain  to  a pillar  near  the  choir.  It  appear- 
4 ed  to  be  three  times  bigger  than  thofe  of  our 
4 largeft  oxen.  As  it  was  hung  very  high,  I 
4 could  not  take  the  exa£t  dimenfions,  but  I 

* Gazette  de  France  du  25  Septembre  1772,  Article  de 
Rome . 
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4 judged  it  to  be  about  47  feet  long,  and  from 
4 7 to  8 inches  in  diameter  at  the  bafe*.’ 

Lionel  Waffer  relates,  that  he  faw,  in  Mexico, 
bones  and  teeth  of  a prodigious  fize  : Among 
others,  he  faw  a tooth  3 inches  broad  and 
4 in  length.  Having  confulted  the  moil  intel- 
ligent people  of  the  country,  they  concluded 
that  the  head  could  not  be  lefs  than  a yard 
broad  f . 

It  is,  perhaps,  the  fame  head  which  Acofta 
mentions  : 4 I faw,’  fays  he,  4 a grinder  which 
4 aftonifhed  me  by  its  enormous  fize  ; for  it  was 
4 as  large  as  a man’s  fift.’  P.  Torquemado,  a 
Francifcan,  relates,  that  he  had  in  his  pofleflion 
a grinder,  twice  as  large  as  a man’s  fift,  and 
which  weighed  two  pounds.  He  adds,  that,  in 
the  city  of  Mexico,  and  in  the  Convent  of  St. 
Auguftine,  he  faw  a thigh-bone  fo  large,  that  the 
individual  to  which  it  belonged  muft  have  been 
from  1 1 to  12  cubits  high,  i.  e . 17  or  18  feet  ; 
and  that  the  head  muft  have  been  as  big 
as  one  of  the  large  pitchers  ufed  in  Caftille  for 
holding  wine. 

Phillippe  Hernandes  informs  us,  that  there 
were  found,  at  Tezçaco  and  Tofuca,  feveral 
bones  of  an  extraordinary  magnitude;  and  that 
among  thefe  there  are  grinding  teeth  five  inches 
broad  and  ten  high;  from  which  he  concludes, 

* Note  communicated  to  M.  de  Buffon  by  M.  Gri.gnon, 
Sept.  24,  1777. 

f Waffer’s  Travels  in  America,  p,  367. 
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that  the  fize  of  the  head  muft  have  been  fo  enor- 
mous that  two  men  could  not  have  embraced  it 
with  their  arms.  Don  Lorenzo  Boturini  Bena- 
duci  likewife  tells  us,  that,  in  New  Spain,  and 
particularly  in  the  heights  of  Santafé,  and  in  the 
territories  of  Puebla  and  Ttlafcala,  they  find 
enormous  bones,  and  grinders,  one  of  which, 
preferved  in  the  Royal  Cabinet,  is  a hundred 
times  larger  than  the  largeft  human  teeth 

The  author  of  this  Gigantologie  Efpagnole 
attributes  thefe  enormous  teeth  and  bones  to 
giants  of  the  human  fpecies.  But,  is  it  credible 
that  men  ever  exifted  whofe  heads  were  eight 
or  ten  feet  in  circumference  ? Is  it  not  equally 
aftonifhing  that,  in  the  fpecies  of  the  hippopo- 
tamus or  elephant,  there  have  been  individuals 
of  this  magnitude  ? We  are,  therefore,  led  to 
think,  that  thefe  enormous  teeth  are  of  the  fame 
kind  with  thofe  lately  found  in  Canada  near  the 
river  Ohio,  which  we  afcribed  to  an  unknown 
animal,  whofe  fpecies  formerly  exifted  in  Tar- 
tary, in  Siberia,  and  in  Canada,  and  which  ex- 
tended from  the  Illionois  as  far  as  Mexico.  As 
the  Spanifh  authors  mention  not  that  elephants 
tufks  were  found  in  New  Spain  along  with 
thefe  large  grinders,  it  is  probable  that  a fpecies 
different  from  that  of  the  elephant  formerly  ex- 

* Gigantologie  Elpagnole,  par  le  P.  Torrubia,  Journal  Etran- 
ger* Nov.  1760. 

X 4 ifted 
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ifted  there,  to  which  thefe  large  grinders  be- 
longed, and  that  this  fpecies  was  diffufed  as  far 
as  Mexico.  Befides,  the  large  teeth  of  the  hip- 
popotamus feem.to  have  been  anciently  known  ; 
for  St.  Auguftine  tells  us,  that  he  faw  a grinder 
fo  large,  that  if  divided,  it  would  have  made  a 
hundred  teeth  of  an  ordinary  man  Fulgofa 
likewife  remarks,  that  teeth  were  found  in  Sicily, 
each  of  which  weighed  three  pounds  j\ 

John  Sommer  relates,  that  he  found,  near 
Chatham  in  Canterbury,  at  the  depth  of  feven- 
teen  feet  below  the  furface  of  the  earth,  monftrous 
bones,  fome  of  them  entire,  and  others  broken. 
He  likewife  found  four  entire  teeth,  each  of 
them  weighing  more  than  half  a pound,  and 
nearly  as  large  as  a man’s  fift.  The  whole 
four  were  grinders,  and,  except  in  magnitude, 
they  pretty  much  refembled  human  teeth.  He 
farther  remarks,  that  Louis  Vives  mentions  a 
grinder  ftill  larger,  which  was  fliewn  him  for  a 
tooth  of  St.  Chriftopher.  He  adds,  that  Acofta 
faw  in  India  a fimilar  tooth  dug  out  of  the  earth, 
along  with  feveral  other  bones,  which,  when  ar- 
ranged in  proper  order,  reprefented  a man  of  a 
monftrous  ftature.  We  might  have  formed 
the  fame  idea,  fays  Mr.  Sommer,  concerning  the 
teeth  dug  out  of  the  earth  near  Canterbury,  if 

* De  Civitate  Dei,  lib.  xv.  cap.  9. 

Lib.  i.  cap.  6. 

bones 
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bones  had  not  been  found  in  the  fame  place, 
which  did  not  belong  to  the  human  fpecies. 
Several  perfons  who  examined  thefe  bones, 
judged  them  to  be  the  bones  and  teeth  of  the 
hippopotamus.  Two  of  thefe  teeth  are  engraved 
' in  the  Philofophical  Tranfadions,  No.  272.  fig.  9. 

From  thefe  fads  we  may  conclude,  that  moll 
of  thofe  large  bones  found  under  the  furface  of 
the  earth  belong  to  the  elephant  and  hippopota- 
mus : But  it  feems  to  be  certain,  that  by  com- 
paring the  enormous  teeth  with  blunt  knobs, 
with  thofe  of  the  elephant  and  hippopotamus, 
they  have  belonged  to  an  animal  much  larger 
than  either,  and  that  the  fpecies  of  this  prodigi- 
ous animal  no  longer  exifts. 

Among  the  prefent  elephants  it  is  extremely 
rare  to  find  a tufk  of  fix  feet  in  length.  The 
longeft  are  generally  from  five  to  fix  and  a half 
feet  ; and,  of  courfe,  the  ancient  elephant,  which 
produced  a tufk  of  ten  feet  long,  whofe  frag- 
ments are  in  our  pofleffion,  was  a gigantic  fpe- 
cies. The  immenfe  thigh-bone  in  the  Royal 
Cabinet  confirms  the  fame  conclufion. 

The  fame  remark  is  applicable  to  the  fpecies 
of  the  hippopotamus.  I caufed  two  of  the 
Jargeft  grinders  to  be  extraded  from  the  largeft 
head  of  the  hippopotamus  in  the  Royal  Cabi- 
net : One  of  them  weighed  ten,  and  the  other 
nine  and  a half  ounces.  I then  weighed  two 
teeth,  the  onf  found  in  Siberia,  and  the  other  in 

Canada. 
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Canada.  The  firft  weighed  two  pounds  twelve 
ounces,  and  the  fécond  two  pounds  two  ounces. 
Hence  thefe  ancient  hippopotamis  were  gigan- 
tic when  compared  with  thofe  now  exifting. 

The  example  already  given  of  the  enormous 
petrified  head  of  an  ox,  found  in  the  environs 
of  Rome,  proves,  that  there  have  likewife  been 
prodigious  giants  in  this  fpecies  of  quadruped, 
which  we  are  alfo  enabled  to  fhow,  by  feveral 
other  monuments  of  antiquity.  In  the  Royal 
Cabinet,  we  have,  i.  A fine]  greenifh  horn, 
which  is  very  imooth  and  well  turned,  and  evi- 
dently belongs  to  the  ox.  The  circumference  at 
the  bafe  is  25,  and  its  length  42  inches.  Its 
cavity  contains  ni.  Paris  pints  of  liquor: 
2.  The  core,  or  internal  bone  of  an  ox’s  horn, 
which  weighs  feven  pounds  ; whilfl  the  largeft 
core  of  the  horns  of  our  oxen  exceeds  not  the 
weight  of  one  pound  : This  internal  bone  was 
prefented  to  the  Royal  Cabinet  by  M.  le  Comte 
de  TrefTan,  a man  of  tafte,  and  a good  Natural 
hiftorian  : 3.  Two  internal  bones  of  an  ox’s 
horn  attached  to  a portion  of  the  cranium, 
were  found  in  beds  of  turf,  at  the  depth  of 
25  feet,  between  Amiens  and  Abbeville,  and 
tranfmitted  to  me  for  the  Royal  Cabinet.  The 
whole  weighed  17  pounds  ; and  each  horn-bone, 
when  feparated  from  the  cranium,  weighed 
at  lead  74.  pounds.  I compared  the  dimenfions, 
as  well  as  the  weight  of  thefe  different  bones  ; 

that 
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that  of  the  largeft  ox  to  be  found  in  Paris  was 
only  13  inches  long,  and  7 in  circumference  at 
the  bafe.  But,  of  the  two  dug  out  of  the  earth, 
the  one  was  24  inches  long,  and  12  in  circum- 
ference at  the  bafe,  and  the  other  27  inches  in 
length,  and  13  in  circumference.  Thefe  fads 
are  more  than  fufficient  to  ftiew,  that,  in  the 
fpecies  of  the  ox,  as  well  as  in  thofe  of  the  hip- 
popotamus and  elephant,  prodigious  giants  have 
formerly  exifted. 

With  regard  to  the  human  fpecies,  individual 
giants  have  been  produced  not  only  in  Afia, 
but  in  every  climate  ; for,  even  in  our  own  days, 
we  fee  gigantic  men  in  every  country.  We 
lately  faw  a giant  who  was  born  in  Finland,  on 
the  very  confines  of  Lapland.  But  we  are  not 
equally  certain,  that  permanent  races,  and  far 
lefs  entire  nations  of  giants,  ever  exifted.  How- 
ever, the  teftimony  of  ancient  authors,  and  efpe- 
eially  thofe  of  Holy  Writ,  feem  clearly  to  in- 
dicate, that  races  of  giants  formerly  exifted  in 
Afia.  In  the  book  of  Numbers,  chap.  xiii.  verfe 
33.  it  is  faid,  And  there  we  faw  giant x,  the  fons 
of  Anak , which  came  of  the  giants  : and  we  were 
in  oar  own  fight  as  grafoppers , and fo  we  were 
in  their  fight.  Though  this  defeription  may  have 
the  appearance  of  exaggeration,  which  is  com- 
mon in  the  oriental  ftyle,  it  is  plain  that  thefe 
giants  were  very  large. 

Jn  2 Samuel,  chap.  xxL  verfe  20.  a giant  is 

mentioned 
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mentioned  of  the  race  and  family  of  Goliah, 
who  had  fix  fingers  and  toes  on  his  hands  and 
feet  : In  the  fame  book  there  are  feveral  other 
paffages  which  prove  the  exiftence  and  deftruc- 
tion  of  giants. 

In  Jofhua,  chap.  ii.  verfe  22.  it  is  faid,  that 
there  was  none  of  the  giants  of  the  race  of  the 
Anakims  left  in  the  land  of  the  children  of  Ifrael  ; 
only  in  Gaza>  in  Gathy  and  in  AJhdod , there  re- 
mained. 

Philo,  St.  Cyril  lus,  and  feveral  other  authors, 
feem  to  think,  that  the  word  giants  means  only 
proud  and  impious  men,  and  not  men  of  an 
extraordinary  ftature.  But  there  is  no  founda- 
tion for  this  opinion  5 fince  the  amazing  height 
and  ftrength  of  thefe  men  are  often  defcribed. 

The  prophet  Amos  informs  us,  that  the  Lord 
defroyed  the  Amorite , whofe  height  was  like  the 
height  of  cedars , and  he  was  frong  as  the  oaks. 

Ogg,  king  of  Bafhan,  was  nine  cubits  high, 
and  Goliah  ten  cubits  and  one  palm.  Ogg’s  bed 
was  nine  cubits,  or  thirteen  and  a half  feet  long, 
and  four  cubits,  or  fix  feet,  broad.  The  breaft- 
plate  of  Goliah  weighed  208  pounds  4 ounces, 
and  the  blade  of  his  lance  25  pounds. 

Thefe  evidences  are  lufficient  to  prove,  that 
there  formerly  exifted  in  the  continent  of  Afia, 
not  only  individuals,  but  races  of  giants,  who 
have  been  deftroyed,  and  the  laft  of  whom  ap- 
peared in  the  days  of  King  David.  Nature,  who 

never 
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never  lofes  any  of  her  rights,  fometimes  re- 
fumes her  former  powers  of  production  ; for,  in 
almoft  every  climate,  meû  of  an  extraordinary 
ftature,  L e.  of  feven  and  a half,  eight,  and  even 
nine  feet  high,  occafionally  appear.  Befide  the 
examples  already  given,  many  others  are  to  be 
found,  both  in  ancient  and  modern  authors,  of 
giants  of  ten,  twelve,  fifteen,  and  eighteen  feet 
high.  But  thefe  laft  dimenfions,  I am  perfuaded, 
ought  to  be  greatly  reduced.  The  bones  of  ele- 
phants have  often  been  miftaken  for  human, 
bones.  Befides,  Nature,  in  her  prefent  appear- 
ance, prefents  no  fpecies  with  fuch  great  difpfo- 
portions,  except,  perhaps,  that  of  the  hippo- 
potamus ; for  the  teeth  of  thofe  found  in  the 
bowels  of  the  earth  are  at  leaf!  four  times  larger 
than  the  teeth  of  the  hippopotamus  which  now 
exifts. 

The  bones  of  the  fuppofed  king  Teutobochus, 
found  in  Dauphiny,  gave  rife  to  a difpute  be- 
tween Habicot,  a furgeon  in  Paris,  and  Riolan, 
the  famous  anatomift.  Habicot,  in  his  Gigantojle- 
ologie , tells  us,  that  thefe  bones  were  taken  out 
of  a brick  fepulchre,  18  feet  below  ground,  and 
furrounded  with  fand.  He  neither  gives  an  ex- 
aâ  defçription,  nor  the  number  of  thefe  bones. 
He  afferts  that  they  are  human,  becaufe  they 
belonged  to  no  other  animal.  He  adds,  that 
fome  mafons,  when  working  for  Seignior  Lan- 
gon,  a gentleman  of  Dauphiny,  on  the  nth 
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day  of  January  1613,  difcovered  this  tomb  near 
the  ruins  of  the  caftle  of  Chaumont  ; that  the 
tomb  was  built  with  brick  ; that  it  was  30  feet 
long,  1 2 broad,  and  8 high;  that  it  was  covered 
with  a gray  ftone,  on  the  middle  of  which  was 
engraved,  'Theutobochus  rex;  that,  when  the 
tomb  was  opened,  a human  fkeleton  appeared, 
which  was  25I  feet  long,  10  broad  at  the  fhoul- 
ders,  and  5 thick  ; that,  before  touching  thefe 
bones,  the  head  was  meafured,  and  it  was  5 feet 
in  length,  and  10  in  circumference.  Here  it  is 
worthy  of  remark,  that  the  proportion  between 
the  length  of  a human  head  and  that  of  the 
body,  is  not  a fifth,  but  a feventh  and  one  half  ; 
fo  that  this  head  of  5 feet  fuppofes  the  body  to 
have  been  3 74-  feet  in  length.  Laftly,  Habicot 
tells  us,  that  the  under  jaw  was  6 feet  round, 
and  the  orbits  of  the  eyes  7 inches  : that  each 
clavicle  was  7 feet  dong  ; and  that  moft  of  thefe 
bones,  after  being  expofed  to  the  air,  crumbled 
into  duft. 

In  the  fame  year  1613,  Dr.  Riolan  published  a 
tra£t  under  the  title  of  Gigantomacbie , in  which 
he  maintains,  that  Habicot,  in  his  Gigantofteolo- 
gie,  had  given  falfe  meafures  of  the  body  and  bones 
of  the  pretended  giant  Teutobochus  ; that  Riolan 
meafured  the  thigh-bone  and  the  bone  of  the 
leg  together  with  the  aftragalus  joined  to  the 
calcanéum  ; that  they  exceeded  not  6~  feet, 
even  including  the  os  pubis;  and,  of  courfe,  that 
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the  length  of  the  giant  could  be  only  13  feet, 
inftead  of  25.  He  then  gives  his  reafons  for 
denying  thefe  bones  to  be  human  ; and  con- 
cludes, that  the  bones  exhibited  by  Habicot  be- 
long not  to  man,  but  to  the  elephant. 

A year  after  the  publication  of  Habicot’s 
Gigantofteologie  and  Riolan’s  Gigantomachie,  a 
pamphlet  appeared  under  the  title  of  the  Impof- 
ture , concerning  fuppofed  human  bones  falfely  at- 
tributed to  King  T’eutobochus , difcovered . In 
this  pamphlet,  the  bones  are  denied  to  be  human, 
and  fuppofed  to  have  been  engendered  by  forne 
virtue  in  the  earth.  Another  pamphlet  was 
publiflied  without  a name,  in  which  it  is  faid, 
that,  among  thefe  bones,  fome  were  human  and 
others  not. 

In  1618,  Riolan  publifhed  his  Gigantologiey  in 
which  he  maintains,  that  the  bones  in  queftion 
were  not  only  not  human,  but  that  men,  in  ge- 
neral, were  never  larger  than  they  are  at  prefent. 

In  the  fame  year,  Habicot  replied  to  Riolan  : 
He  fays,  that  he  prefented  his  Gigantofleologie 
to  Louis  XIII.  ; that,  about  the  end  of  July  in  the 
year  1 61 3, the  bones  mentioned  in  this  work  were 
expofed  to  the  eye  of  the  public  ; and  that  they 
are  real  human  bones.  He  quotes  a number  of 
examples  from  ancient  and  modern  authôrs,  to 
prove  that  men  of  immenfe  ftature  have  exifted. 
He  perfifts  in  maintaining,  that  the  calcanéum, 
tibia,  and  femur  of  the  giant  Teutobochus,  when 

joined 
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joined  to  each  other*  were  more  than  1 1 feet  in 
length. 

He  next  gives  letters  written  to  him  at  the 
time  thefe  bones  were  difeovered,  and  which 
feem  to  confirm  the  reality  both  of  the  tomb 
and  of  the  bones  of  the  giant  Teutobochus. 
From  a letter  written  by  Seignior  de  Langon, 
dated  St.  Marcellin,  inDauphiny,  and  another  by 
the  Sieur  Mafurier,  a furgeon  at  Beaurepaire,  it 
appears,  that  filver  coins  were  found  along  with 
the  bones.  The  firft  letter  contains  the  follow- 
ing paffage  : 4 As  his  Majéfty,’  fays  Seignior  de 
Langon,  4 is  defirous  of  having  the  remaining 
4 bones  of  King  Teutobochus*  and  the  filver  coins 
4 found  in  the  tomb,  I declare,  that  your  adver- 
* faries  are  ill  informed,  and  that,  if  they  knew 
4 the  matter  more  perfectly,  they  would  not  en- 
4 tertain  any  doubts  that  thefe  bones  really  be- 
4 long  to  the  human  fpecies.  The  phyncians  of 
4 Montpellier  came  here,  and  would  have  given 
4 any  money  to  purchafe  the  bones.  M.  le  Maré- 
4 chai  de  Lefdiguieres  made  them  be  carried  to 
4 Grenoble  ; and  the  phyficians  and  furgeons  of 
« that  place  recognifed  them  to  be  human  bones. 

4 This  fa£l,  of  courfe,  can  only  be  denied  by 
4 perfons  who  are  ignorant  of  the  real  circum- 
4 fiances.’ 

In  this  difpute,  neither  Riolan  nor  Habicot, 
the  one  a phyfician  and  the  other  a furgeon, 
have  had  fenfe  enough  to  give  an  exa£t  deferip- 

tion 
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tion  of  the  bones  in  qneftion.  Both  of  them, 
aduated  by  paffion  and  a party-fpirit,  have 
written  in  a ftyle  which  deftroys  all  confidence 
in  their  aflertions.  Hence  it  is  extremely  dif- 
ficult to  afcertain  the  fpecies  to  which  thefe 
bones  really  belonged.  But,  if  they  were  found 
in  a brick  tomb,  with  a done  cover,  upon  which 
the  words  Teutobochus  Rex  were  infcribed  ; if 
coins  were  found  in  this  tomb;  if  it  contained 
but  a fingle  fkeleton  of  24  or  25  feet  in  length  ; 
and,  if  Seignior  Langon’s  letter  relates  nothing 
but  truth,  the  general  fad,  u e.  the  exiftence  of 
a giant  of  24  feet  high,  unlefs  we  fhould  fup- 
pofe  a very  extraordinary  concourfe  of  falfe- 
hoods,  could  not  admit  of  a doubt.  Blit  the 
fad  is  by  no  means  proved,  in  a manner  fo  ex- 
plicit as  not  to  leave  room  for  much  hefitation. 

It  is  true,  that  feveral  authors,  otherwife  wor- 
thy of  credit,  have  mentioned  giants  as  large, 
and  even  larger.  Pliny  relates  *,  that,  by  an 
earthquake  in  Crete,  a mountain  was  fplit,  and 
difcovered  a human  body  of  16  cubits  long, 
which  fome  afcribed  to  that  of  Otus,  and  others 
to  that  of  Orion.  16  cubits  are  equal  to  24 
feet,  which  is  the  fame  length  with  the  fkeleton 
of  King  Teutobochus. 

In  a Memoir  of  M.  le  Cat,  an  Academician 
of  Rouen,  we  have  an  enumeration  of  feveral 

* Lib.  vii.  cap.  16. 

VOL.  ix.  Y giants 
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giants  of  enormous  magnitude  ; namely,  two, 
whofe  fkeletons  were  found  near  Athens,  of 
which  one  was  36  and  the  other  34  feet  high  ; 
another  of  30  feet  was  found  in  Sicily  near  Pa- 
lermo, in  the  year  1548  ; another  of  33  feet 
was  likewife  found  in  Sicily  in  the  year  1 550  ; 
and  another  was  alfo  found  in  Sicily,  near  Ma- 
zarino,  which  was  30  feet  long, 

Thefe  teftimonies  notwithftanding,  it  is  dif- 
ficult to  believe  that  men  of  30  or  36  feet  high 
ever  exifted  : It  is  perhaps  too  much  to  believe 
in  the  exiftence  of  giants  of  24  feet  high.  How- 
ever, evidences  multiply,  become  more  pofitive, 
and  gradually  increafe,  in  proportion  as  the 
dimenfions  decreafe.  M.  le  Cat  relates,  that, 
in  the  year  1705,  there  was  found,  near  the 
banks  of  the  river  Morderi,  at  the  foot  of  Mount 
Cruffol,  the  fkeleton  of  a giant  which  mea- 
iured  22~  feet;  and  that  the  Dominicans  of 
Valencia  have  part  of  the  tibia  with  the  joint  of 
the  knee. 

Platerus,  a celebrated  phyfician,  afierts,  that 
he  faw  at  Lucerne  the  fkeleton  of  a man,  which 
was  19  feet  in  length. 

•The  giant  Ferragus,  flain  by  Rolland,  nephew 
to  Charlemagne,  was  1 8 feet  high. 

In  the  fepulchral  caverns  of  the  ifland  of  Te- 
neriff,  a fkeleton  was  found,  which  meafured 
15  feet,  and  in  whofe  jaws  were  80  teeth.  Thefe 
three  fadls,  as  well  as  the  preceding,  are  related 

in 
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in  M.  le  Cat’s  EfTay  concerning  Giants.  He 
mentions  another  fkeleton  found  in  a ditch  near 
the  convent  of  the  Dominicans  at  Rouen,  the 
fkull  of  which  held  a bufhel  of  corn,  and  the 
bone  of  the  leg  was  4 feet  long  : The  whole 
body,  of  courfe,  mufl  have  been  from  1 7 to  18 
feet  in  length.  Upon  the  tomb  of  this  giant, 
the  following  infcription  was  engraved  : Here 
lies  the  noble  and  puijfant  Seigniur  le  Chevalier 
Ricon  de  Valmont , together  with  his  bones . 

In  the  Journal  Littéraire  of  Abbé  Nazari, 
we  are  told,  that,  in  High  Calabria,  in  the  month 
of  July  1665,  there  was  dug  out  of  the  gardens 
of  Signior  de  Tiviolo,  a fkeleton  of  18  Roman 
feet  long  ; that  the  head  was  27  feet  ; that  each 
grinder  weighed  about  an  ounce  and  a third, 
and  the  other  teeth  three  quarters  of  an  ounce  ; 
and  that  this  fkeleton  was  bedded  in  a mafs  of 
bitumen. 

Hedor  Boethius,  in  his  Hiftory  of  Scotland, 
relates,  that  the  bones  of  a man,  ironically  called 
Little  Johny  are  fl.il!  preferved,  who  was  fup- 
pofed  to  have  been  14  feet  high. 

In  the  Journal  des  Savans,  anno  1692,  there 
is  a letter  from  P.  Gentil,  profeflor  of  philofo- 
phy  at  Angers,  in  which  he  fays,  that,  having 
been  informed  of  a gigantic  body  difeovered 
nine  leagues  from  the  town  of  Lafle,  he  went 
to  the  fpot  to  fatisfy  himfelf  concerning  the  truth 
of  the  fad.  He  learned  from  the  curate  of  the 

y 2 place, 
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place,  that,  in  digging  his  garden,  a fepulchrc 
was  difcovered  which  contained  a body  of  17 
feet  2 inches  long.  There  was  no  fkin  on  the 
body.  This  body  had  others  between  its  arms 
and  legs,  which  might  have  been  the  perfon’s 
children.  In  the  fame  place,  there  were  difco- 
vered fourteen  or  fifteen  other  fepulchres,  fome 
of  them  10  feet,  others  12,  and  others  14  feet 
long,  which  contained  bodies  of  the  fame  di- 
menfions.  The  fepulchre  of  this  giant  continued 
expofed  to  the  air  more  than  a year  ; but,  as 
it  attracted  too  many  vifitors  to  the  curate,  he 
again  covered  it  with  earth,  and  planted  three 
trees  in  the  place.  Thefe  fepulchres  were  con- 
firuffced  with  a ftone  which  refbmbied  chalk. 

Thomas  Molineux  faw,  in  a cabinet  at  Ley- 
den, a prodigious  human  frontal  bone.  From 
its  junction  with  the  nofe  to  the  fagittal  future, 
it  was  9-\  inches  ; its  length  was  I2~-  inches, 
and  its  thicknefs  half  an  inch,  /.  e . in  every  di- 
lnenfion  it  was  double  that  of  an  ordinary  frontal 
bone.  Hence  the  perfon  to  whom  this  gigan- 
tic bone  belonged  mufl:  have  been  twice  the 
common  fize  of  a man,  or  at  lead:  f 1 feet  high. 
This  bone  was  unqueftionably  human  ; and  it 
leemed  not  to  have  acquired  this  uncommon 
magnitude  by  the  effeds  of  any  difeafe;  for  its 
thicknefs  was  exactly  proportioned  to  its  other 
dimenlions,  which  never  happens  in  difeafed 
bones  *. 

* Phil.  Tranf.  No.  168.  art.  2. 

M.  Klein 
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M.  Klein  tells  us,  that  he  faw,  in  the  cabinet 
of  M.  Witreu  at  Amflerdam,  a frontal  bone, 
from  the  dimenfions  of  which  it  appeared,  that 
the  perfon  to  whom  it  appertained  muPc  have 
been  13  feet  4 ixlches  high,  /.  e.  about  12T 
French  feet  *. 

After  all  thefe  faûs,  I fhall  leave  my  readers 
in  the  fame  embarraffment  as  myfelf,  with  re- 
gard to  the  real  exiftence  of  giants  of  24  feet 
in  length.  I cannot  perfuade  myfelf,  that  at 
any  time,  or  by  any  circumftances  whatever, 
the  human  body  could  be  elevated  to  fuch  im- 
moderate dimenfions.  But  at  the  Time  time, 
it  is  unqueftionabie,  that  giants  of  10,  12,  and 
perhaps  even  of  15  feet  high,  have  exifled  ; 
and  it  is  almoft  certain,  that,  in  the  primaeval 
ages  of  Nature,  not  only  gigantic  individuals, 
but  even  permanent  and  fucceffive  races  of  giants, 
were  produced,  of  which  that  of  the  Patago- 
nians is  the  only  remaining  example. 


“7 


TO  prove  that  fome  of  the  fifhes  and  plants 
found  in  coal  and  flate  belong  to  fpecies  which 
no  longer  exift,  the  Count  de  Bu  non  produces 
the  following  fads  and  obfervations  : 

With  regard  to  this  fubjecl,  we  fhall  remark, 
with  M.  Lehman  f,  that  there  are  no  impref- 

* Phil.  Tranf.  No.  456.  art.  3. 
f Tom.  iii.  p.  407. 
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fions  of  plants  in  flate,  except  when  it  accom- 
panies pit-coal  ; and  that,  on  the  contrary,  im- 
preffions  of  fifhes  are  feldom  found  but  in  cop- 
pery dates. 

It  has  likewife  been  remarked,  that,  in  the 
diftridt  of  Mansfield,  the  beds  of  flate  which 
contain  petrified  fifhes,  are  covered  with  a flra- 
tum  of  flones  called  Jl inking  Jlones . This  flratum 
is  a fpecies  of  gray  flate,  which  has  derived  its 
origin  from  ftagnant  water,  where  the  fifhes  had 
corrupted  before  they  were  petrified  *. 

M.  Hoffman,  when  treating  of  fiâtes,  fays, 
that  the  petrified  fifhes  found  in  thefe  flones  have 
not  only  been  living  creatures,  but  that  the  ftrata 
of  flate  have  originated  from  muddy  water, 
which,  after  fermenting  and  petrifying,  fubfided 
in  thin  laminae  or  beds. 

4 In  the  flate  of  Angers,’  fays  M.  Guttard, 
4 there  are  fometimes  impreffions  of  plants  and 
4 fifhes,  which  merit  the  greater  attention,  be- 
4 caufe  the  impreffions  of  the  plants  reprefent 
4 marine  fuci , or  fea-wreck,  and  thofe  of  the 
4 fifhes  reprefent  different  fpecies  of  the  crufla- 
4 ceous  tribes,  the  impreffions  of  which  are  more 
4 rare  than  thofe  of  fcaly  fifhes,  or  fhells.’  He 
adds,  4 that,  after  confulting  feveral  authors  who 
4 treat  of . fifhes  and  cruflaceous  animals,  he 
4 could  not  difcover  any  of  them  that  refembled 

* Leeberoth,  Journal  Oeconomique,  Juillet  1752. 

4 the 
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4 the  impreffions  in  queftion,  except  the  fea- 
4 loufe,  which  has  fome  refemblance  to  them; 

4 but  it  has  thirteen  rings,  and  the  impreffions 
4 on  the  flates  have  only  feven  or  eight  : The 
4 impreffions  of  thefe  fiffies  are  generally  in- 
4 terfperfed  with  a whitiffi  pyritous  fubftance. 
4 It  is  remarkable,  that,  in  the  flates  of  Angers, 
4 as  well  as  in  thofe  of  other  countries,  the  im- 
4 preffions  of  fifties  are  frequent,  and  thofe  of 
4 fhells  are  exceedingly  rare,  whilft  the  latter  are 
4 very  common  in  lime-ftone  'V 

Many  proofs  might  be  given  that  all  pit-coal 
is  compofed  of  the  fpoils  of  vegetables,  mixed 
with  bitumen  and  fulphur,  or  rather  with  the 
vitriolic  acid,  which  is  perceived  whep  the  coal 
is  burning.  We  often  find  a great  quantity  of 
vegetables  in  the  upper  ftrata  of  coal  ; and,  in 
proportion  as  we  defcend,  we  fee  traces  of  the 
decompofition  of  the  fame  vegetables.  There 
are  fpecies  of  coal  which  are  not  foffil  wood  : 
That  found  at  Sainte- Agnes,  near  Lons-le-Sau- 
nier, has  a perfect  refemblance  to  logs  or  trunks 
of  fir,  in  which  we  diftindly  perceive  the  marks 
of  each  year’s  growth,  as  well  as  the  pith. 
Thefe  trunks  differ  only  from  common  fir  by 
being  fomewhat  oval,  and  by  their  rings  being 
concentric  ellipfes.  They  exceed  not  a foot  in 
circumference,  and  their  bark  is  very  thick  and 
full  of  furrows,  like  that  of  old  firs.  But  the 


* Mem.  de  1* Acad,  des  Sciences,  année  1757,  p.  52. 
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bark  of  common  firs,  of  the  fame  fize,  is  always 
fmooth, 

4 I found,’  M.  de  Genfanne  remarks,  4 fe- 
4 veral  veins  of  this  kind  of  coal  in  the  diocefe 
4 of  Montpellier  : Here  the  trunks  are  very 
4 large;  their  texture  refembles  that  of  chefnut- 
4 trees  from  three  to  four  feet  in  circumference. 

* Thefe  foffils,  when  burning,  have  only  a flight 
4 odour  of  afphaltis.  Their  flame  and  embers 
4 refemble  thofe  of  wood.  They  are  found 
4 near  the  furface  of  the  earth,  and  commonly 
4 indicate  the  exiftence  of  real  pit-coal  at  greater 
4 depths 

Thefe  ligneous  coals  ought  to  be  regarded  as 
wood  depofited  in  a bituminous  earth,  from 
which  they  derive  their  foflil  quality.  They 
are  found  only  in  earths  of  this  kind,  and  al- 
ways near  the  lurface.  They  fometimes  form 
the  flratum  immediately  above  thefeams  of  real 
coal.  Some  of  them,  which  have  been  impreg- 
nated with  a finall  quantity  only  of  bitumen,  pre- 
ferve  the  fhades  and  colour  of  wood.  4 I found 
4 this  fpecies,’  fays  M.  de  Genfanne,  4 at  Caza- 
4 rets,  near  Saint  Jean  de  Culcul,  four  leagues 
4 from  Montpellier.  But,  when  broken,  this  foflil 
4 commonly  prefents  a fmooth  furface,  perfectly 
4 fimilar  to  that  of  jet.  In  the  fame  canton, 
4 near  Aferas,  there,  is  foflil  wood  changed  into 

* Hilt.  Nat.  du  Languedoc,  par  M.  de  Genfanne,  tom.  i. 

p.  20. 
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* a white  ferruginous  pyrites.  The  mineral 
‘ matter  occupies  the  heart  of  the  wood  ; and 
« we  diftindly  perceive  the  woody  fubftance 
‘ furrowed  and  partly  diffolved  by  the  mineral 
‘ acid  * ’ 

After  fuch  proofs,  related  by  M.  de  Genfanne 
himfelf,  who  is  otherwife  a good  mineralogift, 
I acknowledge,  that  I was  furprifed  to  fee  him 
afcribe  the  origin  of  coal  to  clay  more  or  lefs 
impregnated  with  bitumen.  This  notion  is  not 
only  refuted  by  his  own  fads,  but  we-ihall  be 
convinced  by  thofe’I  am  about  to  relate,  that  we 
ought  to  attribute  the  origin  of  every  fpecies  of 
coal  to  the  fpoils  of  vegetables  mixed  with 
bitumen. 

I agree  with  M.  de  Genfanne,  that  neither 
this  foffil  wood,  nor  turf,  can  be  confidered  as 
coal  completely  formed.  That  found  near  Lons- 
le-Sauriier  has  been  recently  examined  by  the 
Prefident  de  Ruffey,  a learned  Academician  of 
Dijon  : He  remarks,  that  this  foffil  wood  makes 
a near  approach  to  the  nature  of  pit-coal  ; and 
that  it  is  found  within  two  or  three  feet  of  the 
furface  through  an  extent  of  two  leagues;  that 
it  is  from  three  to  four  feet  thick  ; that  we  ea'fily 
diftinguifh  the  fpecies  of  wood  to  be  oaks,  horn- 
beams, and  trembling  poplars;  that  this  wood 
is  fometimes  in  the  form  of  bundles  or  faggots  ; 
that  the  bark  of  the  logs  is  well  preferved  ; 

* Hift.  Nat.  du  Languedoc,  tom.  i.  p.  54. 

that 
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that  the  annual  circles,  the  cuts  made  by  the 
axes,  and,  at.  different  diftances,  collections 
of  chips,  are  plainly  diftinguifhable  ; that  this 
wood  converted  into  coal  is  excellent  for 
foldering  iron  ; that,  when  burning,  it  diffufes 
a fetid  odour  ; and  that  allum  has  been  ex- 
tracted from  it  *. 

4 Near  the  village  called  Beichlit% , about  a 
4 league  from  the  town  of  Halle,  two  ftrata, 

4 compofed  of  a bituminous  earth  and  foffil 
4 wood,  (of  which  there  are  feveral  mines  in  the 
4 country  of  Heffe,)  were  difcovered.  It  is  fimilar 
4 to  that  found  in  the  village  of  Sainte- Agne's 
4 in  Franche-comté,  two  leagues  from  Lons-le- 
4 Saunier.  This  mine  is  in  the  territory  of 
4 Saxe.  The  firft  ftratum  lies  at  the  depth  of 
4 three  fathoms  and  a half,  and  is  from  eight 
4 to  nine  feet  thick.  To  arrive  at  it,  we  cut 
4 through  a white  fand,  then  a witifh  gray  clay, 
4 which  is  three  feet  thick  : Still  deeper,  we 
4 meet  with  a confiderable  thicknefs  both  of  fand 
4 and  clay,  which  cover  the  fécond  ftratum. 
4 This  ftratum  is  only  from  three  and  a half  to 
4 four  feet  thick.  We  founded  deeper,  but  found 
4 no  other  ftrata  of  that  kind. 

4 Thefe  ftrata  are  horizontal  ; but  they  fink 
4 or  rife  nearly  in  the  fame  manner  as  common 
4 ftrata.  They  confift  of  a brown  bituminous 
4 earth,  which  is  friable  when  dry,  and  refem- 

* Mem.  de  l’Acad.  de  Dijon,  tom.  i.  p.  47. 
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4 bles  corrupted  wood.  Pieces  of  wood  of  all 
* fizes  are  found,  which,  when  taken  from  the 
4 mine,  where  they  are  foft,  muft  be  cut  with  an 
4 ax.  This  wood,  when  dry,  breaks  eafily. 
4 When  broke,  it  fhines  like  bitumen  ; but  we 
4 diftinâly  perceive  in  it  the  whole  organization 
4 of  wood.  , It  is  lefs  abundant  than  the  bitu- 
c minous  earth,  and  the  workmen  lay  it  afide 
4 for  their  own  ufe. 

4 A bufhel  or  two  quintals  of  bituminous 
4 earth  fells  for  eighteen  or  twenty  French  fous. 

4 In  thefe  ftrata  there  are  pyrites  ; they  are  of 
4 a vitriolic  nature  ; when  expofed  to  the  air 
4 they  efflorefce  and  turn  white  : But  the  bitu- 
4 minous  matter  is  of  little  value,  as  it  gives  but 
4 a feeble  heat 

Hence  this  fpecies  of  foffil  wrood,  found  fo 
near  the  furface  of  the  earth,  muft  be  a much 
more  recent  production  than  common  pit-coal, 
which  is  almoft  conftantly  funk  very  deep.  But 
this  idea  does  not  preclude  the  ancient  coal  from 

JL 

being  formed  of  the  fpoils  of  vegetables  ; fince, 
in  the  deepeft  coal-mines,  we  recognife  woody 
fubftances,  and  feveral  chara&ers  which  belong 
to  vegetables  only.  Befides,  there  are  fome 
examples  of  foffil  wood  found  in  large  maffes, 
and  in  extenfive  beds,  under  ftrata  of  free-ftone 
and  calcarious  rocks.  Hence  there  is  no  other 

# Voyages  Metalurgiques  de  M.  Jars,  p.  320. 

difference 
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difference  between  real  pit-coal  and  thofe  char- 
red woods,  but  what  arifes  from  the  degree  of  de- 
compofition,  and  from  a greater  or  fmaller  im- 
pregnation with  bitumen.  The  bafts  of  their 
fubftande  is  the  fame,  and  both  derive  their 
origin  from  the  fpoils  of  vegetables. 

M.  leMonnier,  one  of  the  King’s,  phyficians, 
and  a learned  botanift,  found,  in  the  ichift,  or 
falfe  flate,  which  traverfes  a large  field  of  pit- 
coal  in  Auvergne,  the  impreffions  of  feveral 
ferns,  almoft  the  whole  of  which  were  unknown 
to  him  : He  only  thought,  that  he  could  dif- 
tinguifh  the  impreffion  of  the  leaves  of  the 
ofmund-royal,  of  which  he  faw  but  one  example 
in  all  Auvergne  ** 

It  were  to  be  wifhed  that  botanifts  would  ex- 
amine more  accurately  the  impreffions  of  plants 
found  in  pit- coal  and  in  llate.  The  impreffions 
of  plants,  as  well  as  thofe  of  cruftaceous  animals, 
{hells,  and  fifties,  found  in  thefe  minerals,  fhould 
be  drawn  and  engraved  ; for  all  this  labour  is 
neceffary  to  enable  us  to  determine  the  a£lual  or 
the  pall  exiftence  of  thefe  fpecies,  or  even  their 
relative  antiquity.  At  prefent,  we  are  fatisfied, 
that  m oft:  of  them  are  unknown  ; and  that,  in 
thofe  which  have  been  referred  to  known 
fpecies,  the  differences  are  always  fo  great  as  to 
create  helitation. 

» Obfervations  de  Hill.  Nat.  par  M.  le  Monnier,  p.  193. 

The 
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The  Count  de  BufFon  remarks,  That  the  mo- 
tion of  the  waters  from  eait  to  weft  has  di mi- 
nified the  furface  of  the  earth  on  the  weft  fide  ; 
and  that,  in  every  continent  of  the  globe,  the 
declivity  is  more  rapid  on  the  weft  than  on  the 
eaft  coafts.  This  is  evident  in  the  continent  of 
America,  the  declivities  of  which  are  extremely 
rapid  and  abrupt  toward  the  weftern  feas  ; but, 
toward  the  eaftern  coafts,  the  lands  ftretch  by 
a gentle  declivity,  and  generally  terminate  in 
large  plains.  In  Europe,  the  line  that  forms 
the  fummit  of  Great  Britain,  which  runs  from 
north  to  fouth,  is  much  nearer  the  weftern  than 
the  eaftern  ocean  : For  the  fame  reafon,  the 

feas  to  the  weft  of  Britain  and  Ireland  are  much 
deeper  than  the  fea  which  feparates  Britain  and 
Holland.  The  ridge  of  Norway  is  much  near- 
er the  ocean  than  the  Baltic  fea.  The  mountains 
which  form  the  general  fummit  of  Europe  are 
much  higher  towards  the  weft  than  the  eaft  ; 
and,  if  we  take  a part  of  this  fummit,  from 
Switzerland  to  Siberia,  it  is  much  nearer  the 
Baltic  and  White  Seas,  than  the  Black  Sea  and 
the  Cafpian.  The  Alps  and  Apennines  are 
nearer  the  Mediterranean  than  the  Adriatic  fea. 

‘ The  chain  of  mountains  which  runs  from  Tirol 
to  Dalmatia,  and  as  far  as  the  Morea,  in  a man- 
ner fkirts  the  Adriatic  fea  ; but  the  oppofite  coafts 
are  much  lower.  In  Alia,  if  we  follow  the 
chain  which  extends  from  the  Dardanelles  to 
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the  Strait  of  Babelmandel,  we  fhall  find  that  the 
fummits  of  Mount  Taurus,  of  Libanus,  and  of 
all  Arabia,  fkirt  the  Mediterranean  and  the  Red 
Seas  ; and  that,  to  the  eaft,  there  are  vaft  terri- 
tories where  the  long-courfed  rivers  run,  and 
at  lafl  empty  themfelves  in  the  Perfic  Gulf. 
The  lummit  of  the  famous  mountains  of  Gate 
approaches  nearer  to  the  weftern  than  the  eaftern 
feas.  The  ridge  which  extends  from  the  weft 
frontiers  of  China  to  the  point  of  Mallacca, 
is  nearer  the  weft  than  the  eaft  fea.  In  Africa, 
the  chain  of  Mount  Atlas  fends  rivers  to  the  fea 
of  the  Canaries,  whofe  courfes  are  much  fhorter 
than  thofe  which  run  into  the  interior  parts  of 
the  Continent  ; and,  after  traverfing  vaft  traâs 
of  country,  lofe  themfelves  in  lakes  or  great 
marfhes.  The  high  mountains  to  the  weft  of 
CapeVerd,  and  through  all  Guinea,  after  turn- 
ing round  Congo,  join  the  mountains  of  the 
Moon,  and  ftretch  as  far  as  the  Cape  of  Good 
Hope,  occupy  pretty  uniformly  the  middle  of 
Africa  : We  will  perceive,  however,  on  examin- 
ing the  fea  to  the  eaft  and  weft,  that  the  fea  on 
the  eaft  is  not  deep,  and  is  interfperfed  with  a 
great  number  of  iflands  ; whilft,  to  the  weft,  it  is 
deeper,  and  has  but  few  iflands  ; fo  that  the  deep- 
eft  places  of  the  weftern  fea  are  much  nearer 
this  chain  of  mountains  than  the  deepeft  places 
of  the  eaftern  or  Indian  feas. 


Hence 
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Hence  we  fee  that,  in  general,  all  the  points 
of  partition  in  the  great  continents  are  always 
nearer  the  weft  than  the  eaft  feas  ; that  the  * 
plains  of  thefe  Continents  are  always  lengthened 
toward  the  eaft,  and  fhortened  toward  the  weft  ; 
that  the  feas  on  the  weft  coafts  are  deeper,  and 
have  fewer  iflands  than  thofe  on  the  eaft  ; and 
that  in  all  thefe  feas,  the  weft  coafts  of  the  iflands 
are  always  higher,  and  the  feas  which  wafh  them 
deeper,  than  thofe  on  the  eaft. 


WE  are  next  told,  that  there  are  animals,  and 
even  men,  fo  brutifh,  that  they  rather  languifh 
in  the  ungrateful  foil  where  they  wrere  brought 
forth,  than  take  the  trouble  of  removing  to  a 
more  comfortable  fituation.  Of  this,  fays  the 
Count  de  BufFon,  I can  give  a ftriking  example  : 
The  Maillés,  a fmall  favage  nation  in  Guiana, 
near  the  mouth  of  the  river  Ouaffa,  have 
no  other  habitation  than  trees,  upon  which 
they  dwell  during  the  whole  year,  becaufe  their 
country  is  always  more  or  lefs  covered  with 
water.  They  never  defcend  from  thefe  trees, 
except  when  they  go  in  canoes  in  queft  of  fub- 
fiftence.  This  is  a fingular  example  of  a ftupid 
attachment  to  a native  country  ; for  thefe  favages, 
in  order  to  procure  habitations  on  land,  have 
only  to  remove  a few  leagues  from  thofe  drown- 
ed favannahs  which  gave  them  birth,  and  w’hich 
they  obftinately  refufe  to  abandon.  This 

i fa<ft 
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fad  is  mentioned  by  fome  voyagers*,  and  has 
been  confirmed  to  me,  by  feveral  witnefles,  who 
have  lately  feen  this  fmall  nation,  which  confifts 
of  three  or  four  hundred  favages.  They  keep 
themfelve's  above  the  water  by  means  of  the 
trees.  There  they  remain  the  whole  year. 
During  the  eight  or  nine  rainy  months,  their 
country  is  a large  lheet  of  water  ; and,  during 
the  four  fummer  months,  their  foil  confifts  of  a 
dirty  mud,  upon  which  a cruft  of  five  or  fix 
inches  thick  is  formed.  This  cruft  is  rather 
compofed  of  herbage  than  of  earth,  under 
which  is  a confiderable  depth  of  ftagnant  and 
ftinking  water. 

The  Cafpian  Sea,  the  Count  de  Buffon  re- 
marks, was  formerly  much  larger  than  it  is  at 

prefent. 4 In  traverfing,’  fays  M.  Pallas,  c the 

4 immenfe  deferts  which  lie  between  the  Wolga^ 

4 the  Jaik,  the  Cafpian  Sea,  and  the  Don,  I oh- 
4 ferved,  that  thefe  Jleppes , or  fandy  deferts,  are 
4 every  way  furrounded  with  an  elevated  border, 

4 which  embraces  a great  part  of  the  beds  of  the 
4 Jaïk,  Wolga,  and  Don  ; and  that  thefe  deep 
4 rivers,  before  they  penetrated  this  inclofing 
4 belt,  were  full  of  ifiands  and  fhoals,  till  they 

* The  Maillés,  one  of  the  favage  nations  of  Guiana,  dwell 
along  thecoaft.  Their  country  is  often  co\rered  with  water.  They, 
therefore,  build  their  cabins  upon  trees,  to  the  feet  of  which  they 
fallen  their  canoes,  in* which  they  fail  in  quell  of  fubfillence  ; 
Voyage  de  DefmsircbaUt  tom . iv.  p.  352. 

4 began 
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« began  to  fall  into  the  deferts  where  the  great 
4 river  Kurnan  lofes  itfelf  in  the  fands.  From 
4 thefe  obfervations  I conclude,  that  the  Cafpian 
4 Sea  has  formerly  covered  all  thefe  deferts  ; that 
4 it  anciently  had  no  other  margins  than  thofe 
4 elevated  belts  which  every  where  furround  the 
4 deferts;  and  that  it  has  communicated, by  means 
4 of  the  Don,  with  the  Black  Sea,  even  fuppofing 
4 this  fea,  as  well  as  that  of  Azoff,  had  never 
4 made  a part  of  it 

M.  Pallas  is  unqueftionably  one  of  our  mod 
learned  naturalifts  ; and  it  is  with  the  greateft 
pleafure  that  I fee  him  here  entirely  of  my  opi- 
nion with  regard  to  the  ancient  extent  of  the 
Cafpian,  and  the  probability  that  it  formerly  com- 
municated with  the  Black  Sea. 

There  have  been  greater  and  more  frequent 
revolutions  in  the  Indian  ocean  than  in  any 
other  part  of  the  globe.  But,  fays  the  Count  de 
BufFon,  tradition  has  only  handed  down  to  us 
the  fubmerfion  of  Taprobana. — — The  moft  an- 
cient tradition  we  have  of  the  finking  of  coun- 
tries in  the  fouth  is  that  of  the  lofs  of  Taprobana, 
of  which  the  Maldivas  and  Laquedivas  are  fup- 
pofed  to  have  been  formerly  a part.  Thefe 
iflands,  as  well  as  the  rocks  and  banks  which 
prevail  from  Madagafcar  to  the  point  of  India, 
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feem  to  indicate  the  fummits  of  countries  that 
united  Africa  to  Afia  ; for  almoft  ail  of  thefe 
illands  have,  on  the  north  fide,  lands  and  banks 
which  ftretch  very  far  under  the  waters. 

It  likewifè  appears,  that  the  illands  of  Mada- 
gafcar  and  Ceylon  were  formerly  united  to  the 
adjacent  continents.  Moft  of  thefe  reparations 
and  revolutions  in  the  fouthern  feas  have  been 

i 

produced  by  the  finking  of  caverns,  by  earth- 
quakes, and  by  exploitons  of  fubterraneous  fires. 
But  lands  have  alfo  been  carried  off  by  the  flow1 
and  gradual  movement  of  the  waters  from  eaft 
to  weft.  The  places  where  thefe  effeds  are  moft 
apparent  are  the  regions  of  Japan,  of  China,  and 
of  all  the  eaftern  parts  of  Afia.  The  feas  fitu- 
ated  to  the  weft  of  China  and  Japan  feem  to  be 
accidental  produdions,  and  perhaps  more  recent 
than  our  Mediterranean. 

The  illands  of  Sunda,  the  Moluccas,  and  the 
Philippines-,  prefent  nothing  but  countries  which 
have  been  overturned  ; and  they  are  ftill  full  cf 
volcano’s.  There  are  many  volcano’s  in  the 
Japanefe  illands  \ and  Japan  is  reputed  to  be 
more  fubject  to  earthquakes  than  any  other  part 
of  the  globe  : It  alfo  gives  rife  to  a number  of 
hot  fountains.  The  greater  part  of  the  illands 
In  the  Indian  ocean  prefent  only  peaks  or  fum- 
mits  of  detached  mountains,  which  continually 
vomit  fire.  The  ifles  of  France  and  Bourbon 
appear  to  be  two  of  thefe  fummits  : They  are 
9 almoft 
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almoft  entirely  covered  with  matters  rejedted  by 
volcano’s.  Thefe  two  iflands,  when  firft  difco- 
Vered,  were  uninhabited. 


In  Guiana,  otir  author  remarks,  the  rivers  are 
fo  near  each  other,  and  at  the  fame  time  fo 
fwelled  and  rapid  during  the  rainy  feafon,  that 
they  carry  down  immenfe  quantities  of  mud* 
and  depofit  them  on  all  the  low  grounds,  and  on 
the  bottom  of  the  fea.  The  coafts  of  French 
Guiana  are  fo  low,  that  they  may  rather  be  re- 
garded as  beaches  totally  covered  with  mud,  and 
having  an  almoft  imperceptible  declivity;  This 
mud  extends  to  a great  diftance  at  the  bottom 
of  the  fea;  Large  velfels  cannot  approach  the 
river  Cayenne  without  ftriking  ; and  flhipS  of 
war  are  obliged  to  remain  two  or  three  leagues 
from  the  land.  This  müd  extends  along  the 
Whole  margin  of  the  fea  from  Cayenne  to  the 
river  of  the  Amazones.  In  this  great  extent  of 
mud  there  is  no  fand*  and  berry-bearing  alders 
are  frequent  all  along  the  coaft;  But  feven  or 
eight  leagues  above  Cayenne,  weftward  as  far 
as  the  river  Marony,  we  find  fome  Creeks,  the 
bottoms  of  which  confift  of  fand  and  rocks, 
which  give  rife  to  breakers.  The  mud,  how- 
ever, covers  the  greater  part  of  thefe  rocks,  as 
well  as  the  beds  of  fand;  and  it  is  thicker  in  pro- 
portion as  it  recedes  from  the  margin  of  the  fea. 
Thefe  fmall  rocks  prevent  not  the  ground  from 
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having  a very  gentle  defcent  for  feveral  leagues 
on  land.  This  part  of  Guiana,  to  the  north- 
weft  of  Cayenne,  is  more  elevated  than  the 
lands  to  the  fouth-eaft.  Of  this  fad:  we  have 
good  evidence  ; for  all  along  the  borders  of 
the  fea,  we  find  large  drowned  favannahs, 
moft  of  which  are  dry  in  the  north-weft,  whilft 
they  are  totally  covered  with  fea-water  in  the 
fouth-eaft  parts.  Befide  thefe  lands  adually 
drowned  by  the  fea,  there  are  others  more  dis- 
tant, which  have  likewife  been  formerly  drown- 
ed. In  fome  places  we  alfo  find  favannahs  of 
frefh  water  ; but  they  produce  no  alders,  but 
many  palm-trees.  On  all  thefe  low  coafts,  not 
a ftone  is  to  be  feen.  The  tide  rifes  feven  or 
eight  feet,  though  it  is  oppofed  by  the  currents  ; 
for  they  are  all  direded  toward  the  Antilles. 
When  the  waters  of  the  rivers  are  low,  the  tide 
is  very  perceptible,  as  high  up  the  rivers  as  forty 
and  even  fifty  leagues.  But,  during  the  rainy 
feafon,  when  the  rivers  are  fwelled,  the  tide  is 
icarcely  perceptible  at  the  diftance  of  a league 
or  two,  fo  great  is  the  rapidity  of  the  waters  ; 
and  their  impetuofity  is  greateft  during  the 
reflux. 

Upon  the  fandy  bottoms  of  thefe  creeks,  the 
fea-turtles  dépolit  their  eggs  ; and  they  never 
frequent  the  muddy  places  ; fo  that,  from  Cay- 
enne to  the  river  of  the  Amazones,  there  are  no 
turtles  ; and  the  people  go  to  fifh  them  from 

the 


FACTS  AND  ARGUMENTS,  &c.  357’ 

the  river  Courou  to  the  Marony.  The  mud 
appears  to  gain  ground  daily  on  the  fand  ; and, 
in  the  progrefs  of  time,  the  north-weft  coaft  of 
Cayenne  will  be  covered  with  it  as  well  as  the 
iouth-eaft  ; for  the  turtles,  who  will  depofit 
their  eggs  in  fand  only,  gradually  retire  from 
the  river  Courou  ; and  for  fome  years  paft,  the 
fifhers  are  obliged  to  fearch  for  them  near  the 
river  Marony,  the  fands  of  which  are  not  yet 
covered. 

Beyond  the  favannahs,  fome  of  which  are 
dry  and  others  drowned,  there  is  a chain  of  hills 
that  are  all  covered  with  a great  depth  of  earth, 
and  every  where  planted  with  forefts.  Thefe 
hills  are  generally  from  350  to  400  feet  high. 
But,  about  ten  or  twelve  leagues  farther  up  the 
country,  they  are  perhaps  double  this  height. 
Moll  of- thefe  mountains  are  evidently  extin- 
guifhed  volcano’s.  At  the  top  of  one  of  them, 
called  la  Gabrielle , there  is  a fmall  lake,  in  which 
are  a number  of  alligators,  whofe  fpecies  feems 
to  have  been  preferved  from  the  time  that  the  fea 
covered  this  hill. 

Beyond  Mount  Gabrielle,  we  find  only  fmall 
valleys,  little  hills,  and  volcanic  matters,  not  in 
large  maffes,  but  in  fmall  blocks.  The  moft 
common  (tone,  blocks  of  which  are  carried  down 
by  the  waters  as  far  as  Cayenne,  is  that  called 
beetlc-Jlone . It  is  not  a ftone,  but  the  lava  of 
a volcano.  It  has  received  the  name  of  beetle - 
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Jlone , becaufe  it  is  full  of  holes,  which  thefe  in* 
feds  inhabit* 


Of  the  Glaciers . 


IN  thehigheft  regions  of  the  Alps,  the  waters 
which  proceed  from  the  annual  meltings  of  the 
fnow,  freeze  in  every  diredion,  and  on  all  the 
points  of  the  mountains  from  their  bafes  to  their 
fummits,  and  efpecially  in  the  valleys,  and  on 
the  declivities  of  thofe  that  are  colleded  to- 
gether in  groups  : In  this  manner,  the  waters, 
have  formed  in  thefe  valleys  fome  mountains 
which  have  rocks  for  their  nucleus,  and  others 
that  confift  entirely  of  ice  : Thefe  mountains 
are  fix,  feven,  and  even  eight  leagues  long  by 
one  in  breadth,  and  often  from  a thoqfand,  to. 
twelve  hundred  fathoms  high.  ' Thefe  enor- 
mous maffes  of  içe  are  continually  extending 
farther  along  the  valleys  \ for  though,  in  warm 
and  rainy  feafons,  their  progrefs  is  not  only 
flopped,  but  their  fize  diminiftied,  the  magni- 
tude of  the  glaciers  is  perpetually  augmenting. 

Under  the  equator,  the  point  of  congelation, 
in  detached  mountains,  is  fixed  at  the  height  of 
2440  fathoms.  But  this  is  no  rule  for  groups 
of  mountains  which  are  frozen  from  their  fum- 
mits  to  their  bafe,  and  never  thaw.  In  the  Alps, 
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the  point  of  congelation  in  detached  mountains  is 
afcertained  to  be  at  the  height  of  1500  fathoms, 
and  all  below  this  point  thaws  completely.  But 
thofe  which  are  grouped  together  freeze  at  a 
fmaller  height,  and  thaw  from  their  top  to  their 
bafe  ; which  fhows  how  much  the  degree  of  cold 
is  augmented  by  immenfe  mafles  of  congealed 
piatter  confined  within  a narrow  compafs. 

The  whole  frozen  mountains  of  Switzerland, 
when  taken  together,  occupy  an  extent  of  66 
leagues  from  eaft  to  weft,  meafured  in  a ftraight 
line  from  the  weftern  borders  of  the  canton  of 
Vallis  towards  Savoy,  to  the  eaftern  borders  of 
the  canton  of  Bendner  towards  Tirol.  They 
form  an  interrupted  chain,  feveral  arms  of  which 
extend,  from  north  to  fouth,  about  36  leagues. 
The  great  Gothard,  the  Fourk,  and  the  Grim- 
fel,  are  the  higheft  mountains  in  this  quarter  : 
They  occupy  the  center  of  thofe  chains  which 
divide  Switzerland  into  two  parts.  They  are 
perpetually  covered  with  fnow  and  ice  ; from 
which  circumftance  they  have  received  the  gene- 
ral denomination  of  Glaciers . 

The  glaciers  are  divided  into  frozen  moun- 
tains, valleys  of  ice,  fields  of  ice,  or  frozen 
feas,  and  gletcbers , or  heaps  of  icy  flakes  or 
plates. 

The  frozen  mountains  are  thofe  immenfe  maf- 
fes  of  rocks  which  reach  the  clouds,  and  are  per- 
petually covered  with  ice  ar*d  fnow. 

* 4. 
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The  valleys  of  ice  are  thofe  depreflions  be- 
tween the  mountains  which  are  much  more  ele- 
vated than  the  inhabited  valleys.  They  are  al- 
ways filled  with  fnow,  which  accumulates,  and 
forms  mafies  of  ice  feveral  leagues  in  length. 
Thefe  mafies  join  the  high  mountains. 

The  fields  of  ice,  or  frozen  feas,  which  lie 
along  the  mountains,  have  a gentle  declivity. 
They  cannot  be  called  valleys,  becaufe  they  are 
not  fufficiently  deprefled.  They  are  covered 
with  a great  thicknefs  of  fnow.  „ Thefe  fields 
receive  water  from  the  melting  of  the  fnow5 
which  defcends  from  the  mountains,  and  after- 
wards freezes.  The  furface  of  thefe  fields  alter- 
nately melts  and  freezes  ; and  the  whole  are 
covered  with  thick  beds  of  fnow  and  ice. 

The  gletçhers  are  heaps  of  flakes  or  plates  of 
ice  formed  by  the  fnows,  and  precipitated  from 
the  mountains.  Thefe  fnows  freeze  again,  and 
are  interwoven  in  various  manners  : This  cir- 
cumftance  has  given  rife  to  the  divifion  of  glet- 
chers  into  mounts,  mantlings,  and  walls  of  ice. 

The  mounts  of  ice  rife  between  the  fummits 
cf  the  high  mountains:  They  themfelves  form 
mountains  ; but  they  contain  no  rocks.  They 
are  compofed  entirely  of  ice,  and  are  fometimes 
feveral  leagues  in  length,  one  league  broad,  and 
half  a league  thick. 

The  mantlings  are  formed  in  the  fuperior 
valleys,  and  upon,  the  fid  es  of  the  mountains, 
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which  are  covered  with  ice,  having  folds  refem- 
bling  drapery  : They  fend  their  fuperflucus 
waters  into  the  lower  valleys. 

The  walls  of  ice  are  rugged  mantlings  which 
terminate  the  flat  valleys,  and  appear,  at  a di- 
ftance,  like  troubled  feas,  whofe  waves  have 
been  fuddenly  arrefted  and  frozen.  Thefe  walls 
confifl  not  of  irregular  points  : They  often  form 
columns,  pyramids,  and  enormous  towers  com** 
pofed  of  feveral  fides.  Thefe  towers  are  fome- 
times  hexagonal,  and  of  a blue  or  greenifh  colour. 
On  the  fides,  and  at  the  foot  of  the  moun- 
tains, maffes  of  fnow  are  formed,  which  are  af- 
terwards moiftened  with  the  water  from  the 
melted  fnows,  and  then  covered  with  frefh  ac- 
cumulations, We  likewife  fee  plates  of  ice  coU 
leUed  in  heaps,  which  belong  neither  to  the  fro- 
zen valleys  nor  the  mountains  of  ice.  Their 
pofition  is  either  horizontal  or  inclined.  Thefe 
detached  heaps  are  called  beds  or  jlrata  of  ice. 

Several  of  thefe  mountains  of  ice  are  under- 
mined by  the  interior  heat  of  the  earth,  which 
gives  rife  to  currents  of  water  that  melts  their 
inferior  furfaces.  They  then,  by  their  own 
weight,  fink  infenfibly,  and  their  height  is  re- 
ftored  by  the  waters,  fnow,  and  ice,  which 
again  fucceffively  cover  them,  Thefe  finkings 
often  produce  horrible  crafhings.  The  crevices 
which  open  in  the  ice  form  precipices  which  are 
both  numerous  and  full  of  danger.  Thefe 
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abyfles  are  the  more  treacherous  and  baneful,  be*, 
caufe  they  are  generally  covered  with  fnow. 
Travellers,  and  hunters  who  chafe  the  fallow- 
deer,  the  chamois  goat,  &c.  or  thofe  who  fearcfo 
for  jpryftals,  are  often  fwallowed  up  by  thefe 
gulfs,  and  again  thrown  upon  the  fqrface  by  the 
waters  which  run  at  their  bottoms. 

Gentle  rain  quickly  diffolves  fnows  : But  all 
the  water  which  proceeds  from  them  falls  not 
into  thefe  gulfs.  A great  part  of  it  freezes  on 
the  furface  of  the  ice,  and  augments  its  volume.. 

The  warm  fouth  winds,  which  generally  pre- 
vail in  the  month  of  May,  are  the  molt  power- 
ful agents  in  deftroying  the  fnows  and  ice. 
Their  melting  is  announced  by  the  crafhing  of  the 
frozen  lakes,  and  the  dreadful  noife  produced 
by  the  fhock  of  ftones  and  ice,  which  in  hor- 
rible confufion  roll  down  from  the  tops  of  the 
fountains,  and  by  torrents  of  water  that  fall 
from  the  rocks  of  more  than  1200  feet  high. 

The  heat  of  the  fun  has  little  efteâ;  upon  the 
fnow  and  ice.  Experience  has  proved,  that  ice 
which  has  exifted  a long  time  under  an  enor- 
mous weight,  and  in  accumulated  degrees  of 
cold,  is  fo  denfe  and  fo  completely  deprived  of 
air,  that,  when  final!  pieces  of  it  are  expofed  to 
the  greateft  heat  of  the  fun,  during  a whole  day, 
they  fcarcely  melt. 

Though  the  glaciers  melt  partially  every  fum- 
mer,  though  the  winds  and  the  heat  of  certain 
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years  deflroy  the  accumulation  of  feveral  pre^ 
ceding  years  ; yet  it  is  certain,  that  thefe  gla- 
ciers çonjlantly  augment  in  all  thchr  dimenfonso 
This  fad:  is  afcertained  by  the  annals  of  the 
country,  by  authentic  deeds,  and  by  invariable 
tradition.  Independent  of  thefe  authorities,  and 
of  daily  obfervation,  the  prcgreffive  increafe 
of  the  glaciers  is  proved  by  forejls  of  trees 
which  have  been  abforbed  by  the  ice , fome  of 
whofe  tops  fill  appear  above  the  furface  of  the 
glaciers  : Thefe,  as  well  as  the  tops  of  feeples 
belonging  to  a village  that  had  been  buried  un- 
der the  fnows,  and  which  are  ftill  vifible  after 
uncommon  meltings,  are  irrefragable  evidences 
cf  the  gradual  progrefs  of  the  glaciers.  This 
progreffion  can  proceed  from  no  other  caufe 
than  an  augmentation  in  the  degree  of  cold, 
which  increafes  in  proportion  to  the  mafles  of 
accumulated  ice.  It  is  likewife  certain,  that,  in 
the  glaciers  of  Switzerland,  the  cold  is  at  pre- 
fent  more  intenfe,  though  it  continues  fhprter, 
than  in  Iceland,  the  glaciers  of  which,  as  well 
as  thofe  of  Norway,  have  a great  relation  to 
thofe  of  Switzerland. 

The  fubftance  of  the  frozen  mountains  of 
Switzerland  is  fimilar  to  that  of  all  other  high 
mountains.  The  nucleus  is  a vitreous  rock 
which  reaches  to  their  fummit.  The  parts  be- 
low, which  had  been  covered  with  the  ocean, 
#re  corupofed  of  calcarious  ftone,  as  well  as  the 

whole 
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whole  fubftance  of  the  mountains  of  an  inferior 
order,  which  are  difpofed  in  groups  at  the  foot 
of  the  primitive  glacier  mountains.  Laftly,  thefe 
calcarious  mafies  have  flate,  produced  by  the 
fediments  of  the  waters,  for  their  bafis. 

The  vitreous  mafies  are  pure  rock,  granite, 
and  quartz.  Their  fifiures  are  filled  with  me- 
tals, femi-metals,  mineral  fubftances,  and  crys- 
tals. 

The  calcarious  mafies  are  lime-fione,  marbles 
of  every  fpecies,  chalk,  gypfuin,  fpar,  alabafter, 
&c. 

The  flaty  mafies  confift  of  fiâtes  of  various 
qualities  and  colours,  which  contain  plants  and 
fi flies,  and  are  often  fituated  at  confiderable 
heights.  Their  ftrata  are  not  always  horizon- 
tal. They  are  often  inclined,  fometimes  finu-> 
ated,  and  in  particular  places  perpendicular. 

We  cannot  entertain  a doubt  concerning  the 
ancient  abode  of  the  fea  upon  the  glacier  moun- 
tains. The  immenfe  quantity  of  fhells  as  well  as 
the  flate  and  other  fimilar  hones,  found  in  thefe 
mountains,  fully  * afcertain  this  point.  Thefe 
fhells  are  either  diftributed  in  tribes,  or  different 
fpecies  are  blended  together,  and  they  are  found 
at  very  great  heights. 

It  is  probable,  that,  at  a very  remote  period, 
the  glaciers  had  not  been  formed  on  thefe  moun- 
tains, not  even  when  the  ocean  abandoned 
them  ; though  it  appears  by  their  great  difiance 
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from  the  fea,  which  is  near  a hundred  leagues, 
and  by  their  exceffive  height,  that  they  were  the 
fir  ft  that  arofe  above  the  water  in  the  Con- 
tinent of  Europe.  They  have  likewife  had  their 
volcano’s.  Mount  Myflenberg,  in  the  canton 
of  Schwitz,  feems  to  have  been  the  laft  volcano 
that  was  extinguifhed.  The  two  principal  fum- 
mits,  which  are  very  high  and  detached,  termi- 
nate in  cones,  like  all  the  mouths  of  volcano’s  ; 
and  we  Rill  fee  the  crater  of  one  of  thefe  cones, 
which  is  very  deep. 

M.  Bourrit,  who  had  the  courage  to  make  a 
number  of  expeditions  in  the  glaciers  of  Savoy, 
remarks,  6 That  the  increafe  of  all  the  glaciers  in 
4 the  Alps  is  unqueftionable  ; that  the  quantity 
4 of  fnow  that  falls  during  the  winters  far  fur- 
4 paffes  that  which  melts  in  the  fummers  ; that 
4 the  fame  caufe  not  only  fublifts,  but  the  mafies 
4 of  fnow  already  formed  mull,  always  augment, 

4 becaufe  this  effeR  is  a neceflary  refult  of  that 
6 caufe.  Hence  the  glaciers  muft  always  continue 
4 to  have  a progreflive  increafe*.’ 

The  fame  indefatigable  obferver,  when  treat- 
ing of  the  glatchers  or  glaciers  with  prominent 
points,  fays,  4 that  they  appear  to  augment 
4 daily  ; that,  the  ground  they  now  occupy  was 
4 fome  years  ago  a cultivated  field  ; and  that  the 
4 ice  ftill  continues  to  augment  f .*  He  relates, 

* Defcript.  des  Glaciers  de  Savoie,  par  M.  Bourrit,  p.  in, 
1 12. 

f Defcript.  des  Afpefts  du  Mont  Blanc,  par  le  même,  p.  8. 
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4 that  the  growth  of  the  ice  is  evident,  not  only 
4 in  this  place,  but  in  feveral  others  ; that  the 
4 inhabitants  remembered  a former  com  muni* 
4 cation  between  Chamounis  and  Val-d’Aoft, 
4 which  is  now  totally  fhut  up  by  the  ice  ; that 
4 the  ice,  in  general,  muft  have  firft  accumulated 
4 by  ftretching  from  fummit  to  fummit,  and  then 
4 from  one  valley  to  another  ; and  that*  in  this 
4 manner,  a communication  has  been  formed 
4 between  the  ice  of  Mount  Blanc  and  thofe  of 
4 the  other  mountains  of  Vallais  and  of  Swit- 
4 zerland  It  appears,’  fays  he,  4 that  all 
4 thefe  mountainous  countries  were  not  anciently 
4 fo  much  filled  with  ice  and  fnow  as  they  are 
4 at  prefent.  • . . It  is  only  a few  centuries 
4 fince  various  calamities  have  been  occafioned 
4 by  the  accumulation  of  fnows  and  ice,  in  fe* 
4 veral  valleys,  and  by  the  precipitation  of 
4 mountains  and  rocks.  It  is  only  from  thefe 
4 accidents,  which  are  very  frequent,  and  from 
4 the  annual  accumulations  of  the  ice,  that  we 
4 are  enabled  to  account  for  what  hiftory  relates 
4 concerning  the  ancient  inhabitants  of  this 
4 country  j\’ 

* Dcfcript.  des  Afpe&s  da  Mont  Blanc*  par  Boumt,  p.  13 
et  14. 

f Ibid.  p.  62  et  63, 
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0/^  the  North- Eafl  Pajfagc . 

Notwuhftanding  what  has  been  advanced  by 
the  Ruffians,  it  is  extremely  doubtful  that  they 
ever  doubled  the  northern  point  of  Afia.  M* 
Engel,  who  regards  the  north-weft  paflagé  by 
Hudfon’s  and  Baffin’s  Bay,  as  impoffible,  ap- 
pears, on  the  contrary,  to  be  perfuaded,  that  a 
ihorter  and  more  certain  paflage  will  be  found 
by  the  north-eaft.  To  the  feeble  reafons  he 
gives  in  fupport  of  this  opinion,  he  adds  a re- 
mark of  M.  Gmelin,  who,  when  fpeaking  of 
the  experiments  made  by  the  Ruffians,  in  order 
to  difeover  this  north-eaft  paflage,  fays,  4 that 

* the  manner  in  which  they  proceeded  in  mak- 

* ing  thefe  difeoveries  will  aftonifh  the  whole 

* world,  after  an  authentic  relation  of  them 
4 fhall  be  made  public,  which  depends  folely 

4 on  the  pleafure  of  the  Emprefs.’ 4 There 

4 can  be  nothing  aftonifhing,’  fays  M.  En- 
gel, 4 in  this  fubjed,  except  it  be  to  learn  that 
4 a paflage,  which  was  formerly  regarded  as  im- 
4 poffible,  is  now  found  to  be  extremely  pradi- 
4 cable.  This  is  the  only  fad,’  he  adds,  4 which 
4 can  furprife  thofe  whom  the  Ruffians  have  en- 
4 deavoured  to  terrify  by  relations  publifhed  for 
4 the  purpofe  of  repelling  navigators  from  the 

4 attempt ’V  &c. 

* Hilt.  Gen.  des  Voyages,  tom.  xîx,  p,  415. 
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I fhal!,  in  the  firft  place,  remark,  that  we 
ought  to  be  well  afeertained  with  regard  to 
faCts,  before  we  throw  an  imputation  of  this 
kind  upon  the  Ruffian  empire.  In  the  fécond 
place,  the  remark  feems  to  be  ill  founded  ; for 
the  words  employed  by  M.  Gmelin  may  admit 
of  an  oppofite  interpretation  from  that  given  of 
them  by  M.  Engel  ; namely,  That  we  will  be 
aftoniihed  when  we  fhall  learn  that  no  practi- 
cable pa  flag  e exifts  by  the  north-eaft.  Indepen- 
dent of  the  general  reafons  I have  given,  I am 
confirmed  in  this  opinion  by  the  following  cir- 
cumftance  : The  Ruffians  themfelves,  in  their 
late  experiments,  uniformly  afeend  by  Kampt- 
fchatka,  and  never  defeend  by  the  point  of  Afia. 
Captains  Bering  and  Tfchirikow,  in  the  year 
1741,  reconnoitered  the  coaft  of  America  as  far 
as  the  59th  degree  ; but  neither  of  them  failed 
northward  along  the  coafts  of  Afia.  This  fact 
is  a fufficient  proof,  that  the  pafiage  is  not  fo 
practicable  as  M.  Engel  fuppofes  ; or  rather, 
that  the  Ruffians  are  fatisfied  that  it  is  not  prac- 
ticable ; for,  if  other  wife,  their  navigators  would 
have  been  fent  by  this  route,  inftead  of  making 
them  take  their  departure  from  Kamptfchatka, 
in  order  to  difeover  the  weft;  of  America. 

M.  Muller,  who  was  fent  by  the  Emprefs 
along  with  M.  Gmelin,  to  Siberia,  is  of  a very 
different  opinion  from  M.  Engel.  After  com- 
paring all  the  relations  on  this  fubjeCt,  M.  Muller 
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concludes  by  remarking,  that  there  is  only  a 
very  fmall  feparation  between  Afia  and  America  ; 
and  that  this  fixait  contains  feveral  iflands, 
which  ferve  as  common  Rations  to  the  inhabit- 
ants of  both  continents.  This  opinion,  I believe, 
is  well  founded  ; and,  in  fupport  of  it,  M. 
Muller  has  colle&ed  a great  number  of  fa£ts. 
In  the  fubterraneous  abodes  of  the  inhabitants 
of  the  ifland  of  Karaga,  we  fee  beams  made  of 
large  pines,  which  neither  this  ifland,  nor  the 
adjacent  countries  of  Kamtfchatka,  produce. 
The  inhabitants  fay,  that  this  wood  is  driven 
upon  their  coafts  by  the  eaft  wind.  On  the 
coafts  of  Kamtfchatka,  boards  of  ice  are  driven, 
for  feveral  days  together,  during  the  winter, 
At  certain  feafons,  flights  of  birds  arrive,  and, 
after  flaying  fome  months,  return  to  the  eaft, 
from  whence  they  came.  Hence  the  conti- 
nent oppofite  to  that  of  Afia,  toward  the 
north,  defcends  as  far  as  Kamtfchatka.  This 

continent  muft  be  the  weft  of  America.  M. 

Muller  *,  after  giving  an  abridgement  of  five  or 
fix  voyages  attempted  by  the  North  Sea,  with  a 
view  to  double  the  north  point  of  Afia,  con- 
cludes, that  every  circumftance  announces  the 
impoflibility  of  this  navigation,  which  he 

proves  by  the  following  arguments  : This  na- 

vigation muft  be  performed  in  fummer  : The 
diftance  from  Archangel  to  the  Oby,  and  from 

* Hift.  Gen,  des  Voyages,  tom.  xviji.  p.  4S4. 
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this  river  to  Jenifey,  requires  a whole  feafon. 
The  paflage  by  Waygait  has  coft  infinite  labour 
to  the  Britifh  and  Dutch.  In  going  through 
this  icy  (Irait,  we  meet  with  iflands  which  block 
up  the  road  ; and  the  continent,  which  forms 
a cape  between  the  rivers  Piafida  and  Chatanga, 
and  ad  vances  beyond  the  76th  degree  of  latitude, 
is  likewife  bordered  with  a chain  of  iflands, 
which  fcarcely  leave  a paflage  for  navigation. 
If  we  want  to  remove  from  the  coafts,  and 
to  reach  the  open  fea  toward  the  Pole,  the  al- 
moft  immoveable  mountains  of  ice  found  at 
Greenland  and  Spitsbergen,  feem  to  indicate  a 
continuity  of  ice  as  far  as  the  Pole.  If  we  want 
to  go  along  the  coafts,  this  navigation  is  more 
difficult  Kow  than  it  was  a hundred  years  ago . 
There  the  waters  of  the  ocean  are  fenfibl'y  di- 
minifhed  : We  (till  fee,  at  a diftance  from  the 
(heals  along  the  Frozen  Sea,  wood  that  had  been 
thrown  upon  the  lands  which  formerly  bounded 
the  ocean.  Thefe  fhoals  have  fo  little  depth, 
that  very  flat  boats  can  alone  be  ufed  in  them  : 
Such  boats  are  too  weak  to  refift  the  ice  ; neither 
can  they  contain  provifions  fufficient  for  a long 
navigation.  Though  the  Rufiians  have  refources 
for  failing  thefe  cold  feas  fuperior  to  thofe  of 
moft  other  European  nations,  yet  in  none  of  the 
voyages  attempted  upon  the  Frozen  Sea  has  a 
paflage  been  difcovered  between  Europe  or  Afia 
to  America.  It  is  only  by  departing  from 
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Kamtfchatka,  or  fome  other  more  eafterly  point 
of  Afia,  that  the  wefterly  coafts  of  America  have 
ever  been  difcovered. 

Captain  Bering  took  his  departure  from  Port 
Awatfcha  in  Kamtfchatka,  on  the  4th  day  of 
June  1741.  After  failing  fouth-eaft,  and  then 
north-eaft,  he  difcovered,  on  the  18th  of  July* 
the  continent  of  America  in  latitude  58°  28'. 
Two  days  after,  he  anchored  near  an  ifland  in 
the  mouth  of  a bay,  from  whence  he  difcovered 
two  capes,  the  one  to  the  eaft  he  called  Saint- 
Elie,  and  the  other  to  the  weft  Saint-Hermo- 
gene.  He  then  difpatched  Chitrou,  one  of  his  of- 
ficers, to  reconnoitre  the  gulf  which  he  had  en- 
tered : They  found  that  it  was  interfperfed  with 
iflands,  on  one  of  which  they  faw  deferted  cabins 
made  of  planks  well  joined,  and  even  chamfer- 
ed. They  conjèdured  that  this  ifland  might 
have  been  inhabited  bÿ  fome  people  from  the 
continent  of  America.  M.  Steller,  who  was 
fent  to  make  obfervations  on  thefe  new  difcover- 
ed lands,  found  a cave,  in  which  wTere  a quan- 
tity of  fmoked  falmon,  ropes,  furniture,  and 
other  utenfils.  Advancing  ftill  farther,  he  faw 
the  Americans  flying  from  him.  He  next  per- 
ceived a fire  on  a diftant  hill.  The  favages  had 
unqueftionably  retired  thither  : A rugged  and 
fteep  rock  covered  their  retreat  *. 

* Hilt.  Gen.  des  Voyages,  tom.  xix.  p,  37 1. 
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After  relating  thefe  fads,  it  is  eafy  to  perceive, 
that  it  is  only  by  taking  their  departure  from 
Kamtfchatka  that  the  Ruffians  can  carry  on  com- 
merce with  China  and  Japan,  and  that  it  is 
equally  difficult,  if  not  impoffible,  for  the  other 
nations  of  Europe  to  pafs  by  the  north-eaft  feas, 
the  greater  part  of  which  are  entirely  frozen. 
Hence  I cannot  hefitate  in  repeating,  that  the 
only  poffible  paffage  is  by  the  north-weft,  at  the 
bottom  of  Hudfon’s  Bay,  and  that  this  is  the  place 
where  all  future  attempts  to  difeover  this  ufeful 
paffage  ought  to  be  made. 

After  the  preceding  fheets  had  been  printed, 
I received  from  M.  le  Comte  Schouvaloff,  that 
great  ftatefman  whom  all  Europe  efteems  and 
lefpedls,  an  excellent  memoir  compofed  by 
M.  de  Domafcheneff,  prefident  of  the  Imperial 
Society  of  Peterfburg,  and  to  whom  the  Emprefs 
has  affigned  the  department  of  every  thing  re- 
lating to  arts  and  fciences.  This  illuftrious  per- 
fon  has  likewife  fent  me  a copy  of  the  chart 
drawn  by  the  pilot  Otcheredin,  in  which  are 
reprefented  the  tracks  and  difeoveries  he  made 
in  the  year  1770  and  1773,  between  Kamt- 
fchatka and  the  continent  of  America.  M.  de 
Domafcheneff,  in  his  memoir,  remarks,  that 
this  chart  of  the  pilot  Otcheredin  is  moft  exafl:, 
and  that  the  one  publifhed  in  the  year  1773  by 
the  Academy  of  Peterfburg,  requires  feveral 
amendments,  efpecially  with  regard  to  the  pofi- 
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tion  of  the  iflands  and  the  pretended  Archipelago, 
which  are  reprefented  between  the  Aleutes  or 
Aleoutes  iflands,  and  thofe  of  Anadir,  other  wife 
called  Andrien.  The  chart  of  Otcheredin  feems 
to  fhow,  that  thefe  two  groups  of  iflands,  the 
Aleutes  and  the  iflands  of  Andrien,  are  feparated 
by  an  open  fea  of  more  than  a hundred  leagues 
broad.  M.  de  DomafchenefF  aflures  us,  that  the 
great  general  chart  of  the  Ruffian  empire,  pub- 
lifhed  in  the  year  1777,  gives  an  accurate  repre- 
fentation  of  all  the  coafts  on  the  northern  extre- 
mity of  Afia  inhabited  by  the  Tfchutchis  : He 
fays,  that  this  chart  was  executed  from  the  mo  ft 
recent  difçoveries  made  in  the  laft  expedition 
of  Major  Pawluzki  againft  that  people.  4 This 
4 coaft,’  fays  M.  de  DomafchenefF,  4 bounds  the 
* great  chain  of  mountains  which  feparate  Si- 
4 beria  from  the  fouth  of  Afia,  and  terminates 
4 by  dividing  itfelf  between  the  chain  that 
4 ftretches  through  Kamtfchatka  and  thofe  which 
4 occupy  the  territories  between  the  rivers  that 
4 run  to  the  eaft  of  the  Lena.  The  known 
4 iflands  between  the  coafts  of  Kamtfchatka  and 
4 thofe  of  America  are  mountainous,  as  well  as 
4 the  coafts  of  Kamtfchatka,  and  thofe  of  the 
1 continent  of  America.  Hence  there  is  a diftindt 
4 continuation  between  the  chains  of  mountains 
4 belonging  to  both  continents,  the  intervals  of 
4 which,  perhaps  lefs  confiderable  formerly,  may 
$ have  been  enlarged  by  the  decaying  of  rocks, 
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c by  the  perpetual  currents  which  run  from  the 
* Frozen  Sea  toward  the  Southern  Ocean,  and  by 
4 the  revolutions  which  the  earth  has  undergone.’ 

But  this  fub-marine  chain  which  joins  the  lands 
of  Kamtfchatka  to  thofe  of  America  is  more 
foutherly,  by  feven  or  eight  degrees,  than  that 
of  the  iflands  of  Anadir  or  Andrien,  which, 
from  time  immemorial,  have  ferved  the  Tfchutf- 
chis  as  a paffage  to  America. 

According  to  M.  de  Domafcheneff,  it  is  ceiv 
tain,  that  this  voyage  from  the  point  of  Afia  to 
the  continent  of  America,  is  performed  by  oars, 
and  that  thefe  people  go  there  to  difpofe  of  Ruf- 
fian iron- works  to  the  Americans}  that  the 
iflands  in  this  paffage  are  fo  frequent,  that  the 
failors  may  fleep  every  night  on  land  ; and  that 
thecontinent  of  America,  with  which  theTfchutfr 
chis  traffick,  is  mountainous,  and  covered  with 
forefts,  which  are  full  of  foxes,  martins,  and 
fables,  the  qualities  and  colours  of  whofe  furs 
are  totally  different  from  thofe  of  Siberia'. 
Thefe  northern  iflands,  fituated  between  the 
two  continents,  are  known  to  the  Tfchutfchis 
only.  They  form  a chain  between  the  moll  eas- 
tern point  of  Afia  and  the  continent  of  America, 
under  the  64th  degree  of  latitude  ; and  this  chain 
is  divided  by  an  open  fea,  from  the  other  more 
fouthern  chain  formerly  mentioned,  which  lies 
between  Kamtfchatka  and  America,  and  is  under 
{he  56th  degree.  The  iflands  of  this  fécond  chain 
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the  Ruffians  and  inhabitants  of  Kamtfchatka 
frequent  in  queft  of  fea-otters,  and  black  foxes* 
whofe  furs  are  very  precious.  Before  the  year 
1750,  even  the  moft  eaftern  of  the  iflands 
which  çompofe  this  chain  were  known.  One 
of  thefe  iflands  bears  the  name  of  Captain 
Bering,  and  another,  adjacent  to  the  former,  is 
called  the  ifland  of  Medenoi,  We  next  meet 
with  the  iflands  of  Aleutes  or  Aleoutes.  The 
two  firft  are  fituated  a little  above,  and  the  lad  a 
little  below  the  55th  degree  of  latitude.  About 
the  56th  degree,  we  find  the  iflands  of  AtkhoU 
and  Amlaïgh,  which  are  the  firft  of  the  chain 
called  the  Iflands  of  Foxes  : They  extend  as  far 
to  the  north-eaft  as  the  61ft  degree  of  latitude. 
Thefe  iflands  have  received  their  denomination 
from  the  prodigious  number  of  foxes  found  in 
them.  The  two  iflands  of  Captain  Bering  and 
Medenoi  were  uninhabited  when  firft  difcovered^ 
But,  in  the  iflands  of  Aleutes,  though  advanced 
farther  to  the  eaft,  more  than  fixty  families  were 
found,  whofe  language  had  no  relation  either 
to  that  of  Kamtfchatka  or  to  any  of  the  oriental 
languages  of  Afia  ; It  is  a dialogue  of  the  lan- 
guage fpoken  in  the  other  iflands  adjacent  to 
America,  which  feems  to  indicate  that  they  have 
been  peopled  by  the  Americans,  and  not  by  the 
Afiatics. 

The  iflands  called  by  Captain  Bering’s  crew 
Saint-Julian,  Saint-Theodor,  and  Saint-Abra- 
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ham,  are  the  fame  with  thofe  which  now  re- 
ceive the  name  of  Aleutes.  In  the  fame  man- 
ner, the  iflands  of  Chommaghin  and  Saint-Dol- 
mat,  difcovered  by  this  navigator,  form  a part 
of  thofe  now  called  the  Iflands  of  Foxes. 

4 The  great  diftance,’  fays  M.  de  Domafche- 
neff,  4 and  the  open  and  deep  fea  between  the 
* iflands  of  Aleutes  and  thofe  of  Foxes,  joined 
4 to  the  different  direction  of  the  latter,  render 
4 it  probable,  that  thefe  iflands  never  formed  one 
4 continued  chain,  but  that  the  former,  with 
4 thofe  of  Medenoi  and  Bering,  make  a chain 
4 which  comes  from  Kamtfchatka  ; that  the 
4 Iflands  of  Foxes  exhibit  another  paflage  to  Arne- 
4 rica  ; and  that  both  of  thefe  chains  generally 
4 loft  themfelves  in  the  depth  of  the  ocean,  and 
4 are  promontories  to  the  two  continents.  The 
4 courfe  of  the  Iflands  of  Foxes,  fome  of  which 
4 are  of  great  extent,  is  intermixed  with  rocks 
4 and  breakers,  and  continues  without  interrup- 
4 tion  as  far  as  the  continent  of  America.  But 
4 thofe  rnoft  adjacent  to  this  continent  are  very 
4 little  frequented  by  the  Ruflian  hunters  ; be- 
4 caufe  they  are  very  populous,  and  it  would  be 
4 dangerous  to  fojourn  in  them.  There  are  fe- 
4 veral  iflands  in  the  neighbourhood  of  America 
4 which  are  ftill  little  known.  Some  fhips,  how- 
4 ever,  have  penetrated  as  far  as  the  ifland  of 
4 Kadjack,  which  is  very  near  the  continent  of 
4 America.  We  are  aflfured  of  this  fad  by  the 
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relation  of  the  iflanders  ; and  other  circum- 
ftances  confirm  the  truth  of  their  aflertion  : All 
the  iflands  that  lie  more  to  the  weft,  produce 
only  dwarfilh  and  mif-fhapen  ftirubs,  which 
the  winds  from  the  open  fea  prevent  from  ril- 
ing higher.  The  ifland  of  Kadjack,  on  the  con- 
trary, and  the  fmall  adjacent  iflands,  produce 
groves  of  alder-trees,  which  feem  to  indicate 
that  they  are  lefs  expoled,  and  that  they  are 
fheltered  on  the  north  and  eaft  by  a neigh- 
bouring continent.  Befides,  in  Kadjack,  we 
find  frefh-water  otters,  which  appear  not 
in  the  other  iflands  ; and  we  likewife  find  a 
fmall  fpecies  of  marmot,  which  feems  to  be 
the  marmot  of  Canada.  Laftly,  we  difcover, 
in  that  ifland,  traces  of  the  bear  and  wolf  ; 
and  the  inhabitants  clothe  themfelves  with 
rain-deer’s  fkins  brought  to  them  from  thé 
continent  of  America,  to  which  they  lie  very 
contiguous. 

* From  a voyage  to  the  ifland  of  Kadjack,  con- 
ducted by  one  Geottof,  we  learn,  that  the  con- 
tinent of  America  is  called  Atcikthan  by  the 
iflanders  : They  fay,  that  this  great  land  is 
mountainous  and  covered  with  forefts;  that 
it  is  fituated  to  the  north  of  their  ifland  ; and 
that  the  mouth  of  a great  river  there  goes  by 
the  name  of  Alaghfchak . Befides,  it  is  un- 
queftionable,  that  Bering,  as  well  as  Tfchiri- 
kow,  actually  reached  this  great  continent  ; 
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ç for,  at  Cape  Elie,  where  Bering  moored  his 
c frigate,  they  faw  the  coaft  rife  into  a chain 
i of  mountains  which  were  covered  with  thick 
1 forefts.  The  foil  was  of  a nature  totally  dif- 
€ ferent  from  that  of  Kamtfchatka  ; and  Steller 
6 collected  a number  of  American  plants.5 

M.  de  Domafcheneff  farther  obferves,  that  all 
the  Iflands  of  Foxes,  as  well  as  thofe  of  Aleutes 
and  Bering,  are  mountainous;  that  their  coafts 
are  rocky,  often  terminate  in  precipices,  and 
are  furrounded  to  a confiderable  diftance  with 
rocks  ; that  the  country  rifes,  from  the  coafts 
to  the  middle  of  thefe  iflands,  into  rugged 
mountains,  which  form  fmall  chains  through 
the  wdiole  length  of  each  ifland.  Befides,  there 
have  been,  and  ftill  are,  volcano’s  in  feveral  of 
thefe  iflands  ; and  in  thofe  where  the  volcano’s 
are  extinguifhed,  there  are  fountains  of  hot 
water.  In  the  iflands  with  the  volcano’s,  no 
metals  are  found,  but  only  calcedons  and  fome 
other  coloured  ftones  of  no  value.  In  thefe 
iflands,  the  inhabitants  have  no  other  wood  but 
what  is  floated  in  to  them  by  the  fea,  and  the 
quantity  is  not  great.  More  wood  arrives  in 
the  ifiand  of  Bering  and  the  Aleutes.  This 
floated  wood  feems  to  come  from  the  fouth  ; for 
the  camphor  tree  of  Japan  has  been  found  on 
the  coafts  of  thefe  iflands. 

The  inhabitants  are  pretty  numerous;  but,  as 
they  lead  a wandering  life,  and  tranfport  them- 
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felves  from  one  ifland  to  another,  it  is  not 
poffible  to  afcertain  their  number.  It  has  been 
remarked,  in  general,  that  the  larger  the  iflands 
are,  they  are  the  nearer  America,  and  the  more 
populous.  It  likewife  appears,  that  all  the  in- 
habitants of  the  Iflands  of  Foxes  are  of  the  fame 
nation,  to  which  thofe  of  the  Aleutes  and  the 
iflands  of  Andrien  may  alfo  be  referred,  though 
they  differ  in  fome  cuftoms,  All  thefe  people, 
in  their  manners,  modes  of  living,  and  of  feed^ 
ing,  have  a great  refemblance  to  the  Efquimaux: 
and  the  Greenlanders.  Kanaghijl , the  name  of 
thefe  iflanders  in  their  own  language,  and  per* 
haps  corrupted  by  the  mariners,  has  Hill  a 
great  affinity  to  Karalit , the  denomination  of 
the  Efquimaux  and  their  brethren  the  Green- 
landers. Among  the  inhabitants  of  all  the  iflands 
between  Afia  and  America,  no  other  utenfils 
were  found  but  ftone-hatchets,  flint-knives,  and 
the  fhoulder  bones  of  animals  fharpened  to  cut 
herbage.  They  have  likewife  darts  armed  with 
{harp  flints,  and  moft  artfully  cut.  They  have 
now  a great  many  implements  of  iron,  which 
they  have  obtained  from  the  Ruffians.  They 
make  canoes  like  the  Efquimaux  ; fome  of  them 
are  fo  large  that  they  contain  twenty  perfons. 
They  are  made  of  light  wood,  and  are  entirely 
covered  with  the  Akins  of  feals  and  other  fea- 
animals. 

From  all  thefe  fa£ts,  it  appears,  that,  from 

time 
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time  immemorial,  the  Tfchutfchis,  who  inhabit 
the  eaftern  point  of  Alia  between  the  55th  and 
70th  degree  of  latitude,  have  had  commerce 
with  the  Americans  ; that  this  intercourfe  was 
the  more  eafy  to  a people  accuftomed  to  all  the 
rigours  of  cold  ; and  that  the  voyage,  which 
perhaps  exceeds  not  a hundred  leagues,  might 
be  performed  in  fimple  canoes,  conducted  by 
oars  in  fummer,  and  probably  on  the  ice  in 
winter,  by  landing  daily  upon  a different  ifland. 
America,  therefore,  might  be  peopled  by  Afia 
under  this  parallel  ; and  every  circumftance 
feems  to  indicate,  that,  though  there  are  now 
intervals  of  fea  between  thefe  iflands,  they  for- 
merly conftituted  but  one  continent,  by  which 
America  was  joined  to  Afia.  It  is  likewife 
probable,  that,  beyond  the  iflands  of  Anadir  or 
Andrien,  i.  e.  between  the  70th  and  75th  de- 
gree of  latitude,  the  two  continents  are  abfo- 
lutely  united,  though  that  track  of  land  is  per- 
haps entirely  covered  with  fnow  and  ice.  To 
explore  the  regions  beyond  the  70th  degree  is  an 
enterprife  worthy  of  the  great  Sovereign  of  the 
Ruflias,  and  it  ought  to  be  entrufted  to  a navi- 
gator equally  intrepid  as  Captain  Phipps.  I am 
perfuaded,  that  they  would  find  the  two  conti- 
nents united  ; but,  if  otherwife,  and  if  there 
is  an  open  fea  beyond  the  iflands  of  Andrien, 
it  appears  to  be  certain,  that  they  would  find  thç 
projections  of  the  great  Polar  glacier  at  the  8 iff 

or 
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or  8 2d  degree,  as  Captain  Phipps  difcovered 
them  at  the  fame  latitude  between  Spitzbergen 
and  Greenland, 

Concerning  that  Period  when  the  Powers  of  Man 
aided  thofe  of  Nature • 

THE  firft  men  were  witnefles  of  the  convul- 
five  motions  of  the  earth,  which  were  then  fre- 
quent and  terrible.  For  a refuge  againft  inun- 
dations, they  had  nothing  but  the  mountains, 
which  they  were  often  forced  to  abandon  by  the 
fire  of  volcano’s.  They  trembled  on  ground 
which  trembled  under  their  feet.  Naked  in 
mind  as  well  as  in  body,  expofed  to  the  injuries 
of  every  element,  victims  to  the  rapacity  of  fe- 
rocious animals,  which  they  were  unable  to 
combat,  penetrated  with  the  common  fentiment 
of  terror,  and  prefled  by  neceffity,  they  mult 
have  quickly  affociated,  at  firft  to  protect  them- 
felves  by  their  numbers,  and  then  to  afford  mu- 
tual aid  to  each  other  in  forming  habitations 
and  weapons  of  defence.  They  began  with  fharp- 
ening  into  the  figure  of  axes  thofe  hard  flints, 
thofe  thunder -ft one which  their  defendants 
imagined  to  have  been  produced  by  thunder,  and 
to  have  fallen  from  the  clouds,  but  which,  in 
reality,  are  the  firft  monuments  of  human  art. 
They  would  foon  extradé  fire  from  thefe  flints 
by  ftriking  them  againft  each  other. 


To 
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To  deftroy  the  bruftiwood  and  the  forefts* 
they  would  employ  the  flames  derived  from  vol- 
cano’s, or  from  their  burning  lavas;  for,  with 
the  afliftance  of  this  powerful  element,  they 
cleared  and  purified  the  grounds  which  they 
chofe  to  inhabit.  With  the  axes  of  ftonc,  they 
cut  trees,  and  fabricated  thofe  weapons  and  uten- 
fils  of  which  neceflity  firft  fuggefted  the  ufe  ; 
and,  after  being  provided  with  clubs  and  other 
heavy  armour,  would  not  thefe  firft  men  difco- 
ver  the  means  of  making  lighter  weapons  to 
annoy  at  a diftance  ? The  tendon  of  an  ani- 
mal, the  fibres  of  aloes,  or  the  pliant  bark 
of  fome  ligneous  plant,  would  ferve  them  for 
a cord  to  unite  the  extremities  of  an  elaftic 
branch  ; with  which  they  made  their  bow  ; 
To  arm  their  arrows,  they  employed  fmall 
{harp  flints.  In  a fhort  time  they  would  have 
thread,  rafts,  and  canoes  ; and  in  this  ftate 
they  would  remain  till  little  nations  were  form- 
ed. Thefe  nations  were  compofed  of  a few  fa- 
milies, or  rather  of  the  defendants  of  the  fame 
family,  which  is  ftili  the  condition  of  thofe  fa- 
vages  who  live  independent  in  fuch  open  and  fpa- 
cious  territories  as  afford  them  game,  fifties, 
and  fruits.  But,  in  territories  which  are  nar- 
rowed by  waters,  or  confined  by  high  mourn- 
tains,  thefe  fmall  nations,  after  a great  increafe 
of  population,  were  obliged  to  divide  the  land 
among  themfelves  ; and,  from  this  moment* 
the  earth  became  the  inheritance  of  man.  He 
a took 
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took  poffeffion  of  it  by  his  labour  and  cultiva- 
tion ; and  the  attachment  to  a native  foil  follow- 
ed rapidly  the  firft  ads  of  property.  As  indi- 
vidual intereft  conftitutes  a part  of  national  or- 
der, government  and  laws  muft  have  fucceed- 
ed,  and  fociety  muft  have  affumed  ftrength  and 
confiftence. 

Neverthelefs,  thefe  men,  deeply  affefted  with 
the  mileries  of  their  original  ftate,  and  having 
ftill  before  their  eyes  the  ravages  of  inundations, 
the  conflagrations  of  volcano’s,  and  gulfs  open- 
ed by  the  fuccufiions  of  the  earth,  have  pre- 
ferved  a durable,  and  almoft  eternal,  remem- 
brance of  the  calamities  the  world  has  fuflfered. 
The  idea,  that  it  muft  perifh  by  an  univerfal  de- 
luge, or  by  a general  conflagration;  the  reve- 
rence for  certain  mountains  upon  which  they 
had  been  faved  from  inundations  ; their  horror 
at  others  which  threw  out  tires  more  dreadful 
than  thofe  of  thunder  ; the  view  of  thofe  com- 
bats between  the  earth  and  heavens,  which  gave 
rife  to  the  fable  of  the  Titans,  and  of  their  af- 
faults  againft  the  Gods;  the  notion  of  the  real 
exiftence  of  a malevolent  being,  with  the  terror 
and  fuperftition  which  it  unavoidably  produced; 
all  thefe  fentrments,  founded  upon  fear,  took 
an  unconquerable  poffeffion  of  the  human  mind. 
Even  at  prefent,  men  are  not  entirely  emanci- 
pated from  thefe  fuperftitious  terrors  by  the  ex- 
perience of  time,  by  the  tranquillity  which  fuo- 

ceeded 
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ceeded  thofe  ages  of  convulfions  and  ftorms, 
nor  by  the  knowledge  of  the  effe<fts  and  opera- 
tions of  Nature,  a knowledge  which  could  not 
be  acquired  till  after  the  eftablifhment  of  fome 
great  fociety  in  a tranquil  land. 

It  is  neither  in  Africa,  nor  in  the  moft  fouth- 
ern  regions  of  Alia,  that  great  focieties  or  nations 
could  be  firft  formed.  Thefe  countries  were 
ftili  burning  and  defert.  Neither  could  this 
event  happen  in  America,  which,  except  its 
chain  of  mountains,  is  evidently  a new  country; 
nor  even  in  Europe,  which  very  lately  derived 
its  learning  from  the  Eaft,  where  the  firft  civi- 
lized men  were  eftablifhed  ; for,  before  the 
foundation  of  Rome,  the  happieft  countries  in  this 
part  of  the  world,  fuch  as  Italy,  France,  and  Ger- 
many, were  then  peopled  with  men  more  than  half 
favage.  Tacitus,  in  his  Manners  of  the  Ger- 
mans, exhibits  a pidlure  of  thofe  of  the  Hurons, 
or  rather  of  men  juft  emerging  from  a ftate  of 
nature.  Hence  the  fource  of  human  knowledge 
muft  have  arifen  in  the  northern  countries  of 
Afia  ; and  power  is  a necefiary  refult  of  know- 
ledge. The  more  man  knows,  the  more  he  can 
perform  ; and  the  lçfs  he  has  done,  the  lefs  he 
knows.  All  this  implies  an  a&ive  people  in  a 
happy  climate,  living  under  a pure  fky  and  in 
a fertile  country,  remote  from  inundations  and 
volcano’s  : It  muft  alfo  have  been  a high  coun- 
try, and,  of  courfe,  more  anciently  temperate 
7 than 
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than  the  more  fouthern  regions.  Now,  all  thefe 
conditions,  all  thefe  circumftances,  are  united  in 
the  centre  of  Aha,  from  the  40th  to  the  5Jth  de- 
gree of  latitude.  The  rivers  which  run  into  the 
North  Sea,  into  the  Eaftern  Ocean,  and  into  the 
South  and  Cafpian  Seas,  take  their  rife  from 
this  elevated  region,  which  at  prefent  compofes 
the  fouthern  part  of  Siberia  and  of  Tartary.  It 
is,  therefore,  in  this  country,  which  is  more 
elevated  than  all  the  others,  fince  it  ferves  them 
as  a centre,  and  is  near  five  hundred  leagues 
from  any  ocean  ; it  is  in  this  privileged  country 
that  the  firft  people  worthy  of  notice  were  pro- 
duced ; and  they  merit  our  efteem  as  the  inven- 
tors of  arts,  fciences,  and  every  ufeful  inftitution. 
This  truth  is  equally  evident  from  the  monu- 
ments of  natural  hiftory,  and  from  the  almoft 
inconceivable  progrefs  of  aftronomy.  How 
could  men  fo  new  invent  the  lunifolar  period  of 
fix  hundred  years  ? I confine  myfeif  to  this 
fingle  faCt,  though  many  others  equally  wonder- 
ful and  permanent  might  be  produced.  Thefe 
people,  therefore,  knew  as  much  of  aftronomy  as 
was  known  in  the  days  of  Gaffini,  who  firft  de- 
monftrated  the  reality  and  exaCtnefs  of  this  pe- 
riod of  fix  hundred  years  ; a knowledge  of 
which  the  Chaldeans,  Egyptians,  and  Greeks, 
were  perfectly  ignorant  ; a knowledge  which 
prefuppofes  that  of  the  exaCt  movements  of  the 
earth  and  moon,  and  requires  great  perfection  in 
VOL.  IX.  b b the 
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the  inftruments  neceflary  to  make  obfervations  ; 
a knowledge,  which,  as  it  implies  the  acquifition 
of  every  thing  derived  from  a long  fucceflion  of 
aftronomical  ftudy  and  refearch,  muft  have  re- 
quired at  leaft  two  or  three  thoufand  years  exer- 
tion of  the  human  mind. 

Thefe  firft  people,  becaufe  they  had  become 
very  learned,  muft  have  been  proportionally 
happy.  They  muft  have  enjoyed  many  ages  of 
peace  and  leifure,  which  are  neceflary  for  the 
cultivation  of  fcience.  Before  they  could  enter- 
tain a fufpicion  concerning  the  period  of  fix 
hundred  years,  at  leaft  twelve  hundred  years  of 
aftronomical  obfervations  were  requifite  ; and, 
to  afcertain  the  fa£t,  more  than  double  that 
number  of  years  were  neceiTary.  Thus  we  have 
already  about  three  thoufand  years  employed 
In  aftronomical  ftudies  : Neither  fhould  this  cir- 
cumftance  furprife  us  ; for,  in  reckoning  from 
the  Chaldean  aftronomers  to  the  prefent  day,  an 
equal  time  has  been  employed  in  difcovering 
this  period  of  fix  hundred  years.  Befides,  thefe 
three  thoufand  years  of  aftronomical  obferva- 
tions muft  neceflarily  have  been  preceded  by 
many  ages  in  which  fcience  was  unknown.  Nay, 
are  fix  thoufand  years  from  the  prefent  time  fuf- 
ficient  to  difcover  the  moft  noble  epoch  in  the 
hiftory  of  man,  or  even  to  trace  his  gradual  pro- 
grefs  in  the  arts  and  fciences  ? 

But,  unhappily,  thefe  futlime  and  beautiful 

fciences 
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fclences  are  loft:  We  can  only  recognife  their 
paft  exiftence  by  deformed  and  imperfect  frag- 
ments. The  invention  of  the  formula  by  which 
the  Brahmins  calculate  eclipfes,  prefuppofes  as 
much  fcience  as  the  conftruCtion  of  our  Epheme- 
rides  ; and  yet  thefe  Brahmins  have  not  the 
fmalleft  idea  of  the  ftruCture  of  the  univerfe. 
They  poflefs  only  fome  faJfe  notions  concerning 
thé  motion,  magnitude,  and  poiition  of  the  pla- 
nets. They  calculate  eclipfes  without  knowing 
the  theory  of  them,.  This  operation  they  are 
enabled  to  perform  by  machines  or  tables  found- 
ed upon  learned  formulae*  which  they  do  not 
comprehend,  and  which,  probably,  were  not  in- 
vented by  their  ancefto^s  ; becaufe  they  have 
never  brought  any  thing  to  perfection,  and 
have  not  tranfmitted  the  fmalleft  ray  of  fcience 
to  their  defendants.  In  their  hands,  thefe  for- 
mulae are  only  practical  methods  ; but  they  im- 
ply profound  knowledge,  of  which  thefe  people 
have  not  preferved  the  flighted  veftige,  and 
which,  of  courfe,  they  have  never  poffefled. 
Hence  thefe  methods  could  only  proceed  from 
that  ancient  people,  who  had  reduced  into  for- 
mulas the  motion  of  the  ftars,  and  who,  by  a 
long  courfe  of  obfervations,  could  not  only  pre- 
dict eclipfes,  but,  what  is  much  more  difficult, 
they  recognifed  the  period  of  fix  hundred  years, 
and,  of  courfe,  were  acquainted  with  all  thofe 
aftronomical  faCts  which  this  difeoyery  nrceSarily 
required. 

I may 
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I may  affirm,  that  the  Brahmins  never  in- 
vented thefe  formulae  ; becaufe  all  their  phy- 
fical  ideas  are  contrary  to  the  theory  on  which 
their  formulae  dependé  If  they  had  compre- 
hended this  theory,  even  at  the  time  they  re- 
ceived its  refults,  the  fcience  would  have  been 
preferved,  and  they  would  not,  as  they  do  at 
prefent,  have  entertained  the  moll  abfurd  and 
ignorant  notions  concerning  the  fyftem  of  the 
univerfe  ; for  they  believe  that  the  earth  is  im- 
moveable, and  is  fupported  by  a mountain  of 
gold  ; that  the  moon  is  eclipfed  by  aerial  dra- 
gons ; that  the  planets  are  fmaller  than  the 
moon,  &c.  It  is  therefore  evident,  that  they 
never  had  the  firft  elements  of  aftronomical 
theory,  nor  the  fmalleft  knowledge  of  the  prin- 
ciples upon  which  the  methods  they  employ 
depend •  ** 

The  Chinefe,  who  are  a little  more  enlight- 
ened than  the  Brahmins,  calculate  eclipfes  in 
a very  rude  manner,  and  they  have  continued 
to  calculate  them  in  the  fame  manner  for  two 
or  three  thoufand  years.  As  they  bring  no- 
thing to  perfection,  they  can  never  invent. 
Hence  fcience  neither  originated  in  China  nor 
in  India.  Though  equally  near  as  the  Indians 
to  the  firft  learned  people,  the  Chinefe  appear 

• For  a more  complete  view  of  this  fubjeft,  I refer  the  reader 
to  an  excellent  account  of  ancient  aftronomy  tately  publilhed  by 
Bailly,  whofe  ideas  perfectly  coincide  with  mine. 

not 
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not  to  have  derived  any  advantage  from  this 
favourable  fituation.  They  are  not  even  pof- 
feffed  of  thofe  aftronomical  formulas  of  which 
the  Brahmins  have  preferved  the  ufe,  and 
which  conftitute  the  firfl  great  monuments  of 
the  knowledge  and  happinefs  of  man.  Nei- 
ther does  it  appear  that  the  Chaldeans,  Perfians, 
Egyptians,  or  Greeks,  received  any  advantage 
from  this  firfl;  enlightened  race  of  men  ; for,  in 
thefe  Levant  countries,  the  new  aftronomy 
muft  be  afcribed  to  the  indefatigable  affiduity 
of  the  Chaldean  obfervers,  and  afterwards  to 
the  labour  of  the  Greeks,  which  can  only  be 
dated  from  the  foundation  of  the  Alexandrian 
fchool.  This  fcience,  however,  after  the  cul- 
ture of  two  thoufand  years,  and  even  till  thefe 
two  or  three  laft  centuries,  was  very  imperfed. 
It  feems,  therefore,  to  be  certain,  that  thefe 
people,  who  firfl  invented,  and  for  a long  fuc- 
ceffion  of  ages  fo  happily  cultivated  aftronomy, 
have  left  nothing  but  fome  fragments,  fome 
refults  of  the  fcience,  which  might  be  retained 
in  the  memory,  fuch  as  that  of  the  period  of  fix 
hundred  years,  which  has  been  tranfmitted  to 
us  by  Jofephus  the  Jewifh  hiftorian,  who  did  not 
underftand  its  value  or  import. 

The  lofs  of  the  fciences,  that  firfl  wound  to 
humanity  inflided  by  the  lword  of  barbarity, 
muft  have  been  the  eflfed  of  fome  direful  revo- 
lution, which,  in  a few  years  perhaps,  deftroyed 
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the  labours  and  ingenuity  of  many  ages  ; for 
thofe  firft  powerful  and  learned  people  muft 
have  continued  long  in  a ftate  of  lplendour  and 
profperity,  fmce  they  made  fo  great  progrefs  in 
the  fciences,  and,  of  courfe,  in  all  the  arts 
which  the  ftudy  of  them  neceflarily  requires. 
But  it  is  extremely  probable,  that,  when  the 
regions  to  the  north  of  this  happy  country,  had 
become  too  cold,  their  inhabitants,  ftill  igno- 
rant, ferocious,  and  barbarous,  would  pour  in 
upon  this  rich  and  cultivated  country.  It  is 
even  aftonifhing,  that  thefe  barbarians  Ihould 
have  been  able  to  annihilate  not  only  the  prin- 
ciples, but  the  remembrance  of  all  fcience.  Three 
thoufand  years  of  ignorance,  perhaps,  followed 
the  three  thoufand  years  of  light  and  knowledge 
which  had  preceded  them.  Of  all  thefe  firft  and 
beautiful  fruits  of  the  human  genius,  there  now 
remains  nothing  but  a metaphyfical  religion, 
which,  being  incomprehenfible,  required  no 
ftudy,  and  could  neither  be  altered  nor  loft,  but 
by  a defedl  of  memory,  which  never  fails  when 
it  is  ftruck  with  the  marvellous.  From  this  firft 
centre  of  the  fciences,  the  fame  metaphyfical  re- 
ligion difiufed  itfelf  over  every  quarter  of  the 
globe.  The  idols  of  Calicut  are  the  fame 
with  thofe  of  Seleginfkoi.  Pilgrimages  to  the 
great  Lama  -are  undertaken  at  the  diftance  of 
more  than  two  thoufand  leagues.  The  idea  of  the 
me.tempfychofis,  pr  tranfmigration  of  fouls,  ex- 
tends 


FACTS  AND  ARGUMENTS,  &c.  391 

tends  ftill  farther,  and  is  adopted  as  an  article  of 
faith  by  the  Indians,  the  ./Ethiopians,  and  the 
Atlantes.  The  fame  notions,  a little  difguifed, 
were  received  by  the  Chinefe,  Perfians,  Greeks, 
and  Romans.  Every  circumJfcnce  concurs  in 
proving,  that  the  firft  common  Item  of  human 
knowledge  arofe  in  this  region  of  Afia  *,  and 
that  its  barren  or  degenerated  branches  extended 
into  every  part  of  the  earth. 

The  paft  ages  of  barbarity  are  for  ever  buried 
in  profound  darkneis.  Men  were  then  fo  de- 
formed with  ignorance,  that  human  nature  was 
hardly  recognifable  : For  rudenefs,  followed  by 
the  negled  of  duty,  began  to  relax  the  bonds  of 
fociety  ; which  were  afterwards  torn  afunder  by 
barbarity  ; the  laws  were  defpifed  or  profcribed  ; 
manners  degenerated  into  habits  of  ferocity  ; 
the  love  of  fociet)r,  though  engraven  on  the  hu- 
man heart,  was  totally  effaced  ; in  a word,  man, 
without  education,  without  morals,  was  re- 
duced to  lead  a folitary  and  favage  life,  and,  in- 
flead  of  the  high  dignity  of  his  nature,  prefented 
the  pidure  of  a being  degraded  below  the  brutes. 

* The  learned  M.  Pallas  remarks,  that  the  cultivation,  the  arts, 
and  the  towns  thinly  fcattered  through  this  region,  are  living  mo- 
numents of  an  empire  or  flourifhing  fociety,  whofe  hiftory  is  buried 
with  its  cities,  temples,  and  arms,  of  which  enormous  ruins  are 
daily  dug  out  of  the  earth.  Thefe  fcattered  people  are  the  mem- 
bers of  a great  nation,  which  has  no  head.  Voyage  de  P alias  m 
Siberie, 
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However,  after  the  lofs  of  the  fciences,  the 
ufeful  arts  to  which  they  had  given  birth  were 
preferved.  The  cultivation  of  the  earth,  which 
became  more  neceffary  in  proportion  to  the  in- 
creafe  of  population  ; all  the  arts  and  practices 
which  this  culture  requires,  as  well  as  all  thofe 
employed  in  the  conftrudtion  of  buildings,  in 
the  fabrication  of  idols  and  arms,  in  the  weaving 
of  fluffs,  &c.  furvived  the  fciences.  Thefe  arts 
were  gradually  diffufed  and  brought  to  perfec- 
tion : They  followed  the  courfe  of  population. 
The  ancient  empire  of  China  firft  arofe,  and 
nearly  at  the  fame  time  that  of  the  Atlantes  in 
Africa,  The  empires  on  the  continent  of  Ana, 
thofe  of  Egypt  and  Æthiopia,  were  fucceffively 
eftablifhed,  and,  laftly,  that  of  Rome,  to  which 
our  Europe  owes  its  civil  exiflence.  Hence, 
about  three  thoufand  years  only  have  elapfed 
fmce  the  power  of  man  united  with  that  of  Na- 
ture, and  fpread  over  the  greateft  part  of  thç 
earth.  Before  this,  period,  the  treafures  of  fer-r 
tility  were  buried.  The  other  refources  of  man, 
dill  more  profoundly  interred,  could  not  elude 
his  refearches,  but  have  become  the  reward  of 
his  labours.  When  he  conduced  himfelf  with 
wifdom,  he  followed  the  lettons  of  Nature  ; 
he  derived  advantage  from  her  examples  ; he 
employed  her  means,  and,  from  the  immenfity 
of  her  produftions,  felecled  all  thofe  objects  from 
which  he  could  derive  either  utility  or  pleafure. 

By 
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By  his  intelligence,  the  animals  were  fubdued, 
tamed,  and  reduced  to  perpetual  flavery.  By 
his  labours,  the  marfhes  were  drained,  the  rivers 
were  reftrained,  and  their  cataraâs  effaced,  the 
forefts  were  cleared,  and  the  earth  cultivated. 
By  his  refiedion,  times  were  computed,  fpaces 
were  meafured,  the  celeftial  motions  were  recog- 
nifed,  combined,  and  reprefented,  the  heavens 
and  the  earth  were  compared,  the  univerfe  was 
augmented,  and  the  Creator  worthily  adored. 
By  his  art,  which  is  an  emanation  of  fcience, 
the  Teas  have  been  traverfed,  and  the  mountains 
overcome  ; nations  have  been  united  ; a new 
world  has  been  difcovered  ; a thoufand  other 
detached  lands  have  been  reduced  under  his  do- 
minion ; laftly,  the  whole  face  of  the  earth 
at  prefent  exhibits  the  marks  of  his  power, 
which,  though  fubordinate  to  that  of  Nature, 
often  exceeds,  at  leaft,  fo  wonderfully  féconds 
her  operations,  that,  by  the  aid  of  his  hands,  her 
whole  extent  is  unfolded,  and  the  has  gradually 
arrived  at  that  point  of  perfection  and  mag- 
nificence in  which  we  now  behold  her. 

Compare  rude  with  cultivated  Nature.  Com- 
pare the  fmall  favage  nations  of  America  with 
thofe  of  our  civilifed  people,  or  even  with  thofe 
of  Africa,  who  are  only  half  cultivated.  Con- 
template the  condition  of  the  lands  which 
thofe  nations  inhabit,  and  you  will  eafily  per- 
ceive the  infignificance  of  men  who  have  made 

fo 
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fo  little  impreffion  on  their  native  foil.  Whe- 
ther from  ftupidity  or  indolence,  thefe  brutifh 
men,  thefe  unpoliihed  nations,  great  or  fmall, 
give  no  fupport  to  the  earth  ; they  ftarve  with- 
out fertilizing  her  ; they  devour  every  thing, 
and  propagate  nothing.  The  favage  Rate,  how- 
ever, is  not  the  mod  defpicable  condition  of 
mankind,  but  that  of  thofe  nations  who  have 
juft  begun  to  be  polifhed,  who  have  always  been 
the  real  fcourges  of  human  nature,  and  who, 
even  at  prefent,  can  hardly  be  reftrained  by  the 
people  who  are  completely  civilifed.  They  have, 
as  formerly  remarked,  ravaged  the  firft  happy 
land.  They  have  torn  up  the  germs  of  happi- 
nefs,  and  deftroyed  the  fruits  of  fcience.  How 
many  invafions  have  fucceeded  this  firft  irruption 
of  barbarians  ? From  thefe  fame  northern  re- 
gions, where  every  human  virtue  formerly  ex- 
ifted,  all  our  evils  afterwards  proceeded.  How 
often  have  we  feen  thefe  irruptions  of  animals 
with  human  faces,  who  always  come  from  the 
north,  ravage  the  countries  of  the  fouth  ? Con- 
fult  the  annals  of  all  nations,  and  you  will  find 
twenty  ages  of  defolation,  for  a few  years  of 
eafe  and  tranquillity. 

Nature  required  fix  hundred  ages  to  conftruct 
her  great  works,  to  temper  the  earth,  to  fafhion 
its  furface,  and  to  arrive  at  repofe  : How  many 
ages  would  men  require  before  they  ceafed  to 
difturb  and  deftroy  each  other?  When  will  they 


FACTS  AND  ARGUMENTS,  &c.  395 

learn,  that  the  peaceable  poffeffion  of  their  own 
country  is  fufficient  for  their  happinefs  ? When 
will  they  be  wife  enough  to  give  up  their  falfe 
pretenfions,  to  renounce  imaginary  dominions, 
and  diftant  poffeffions,  which  are  often  ruinous, 
or  at  leaft  ccft  mere  than  their  value  ? The  Spa- 
nifh  empire  in  Europe  is  as  extenfive  as  that  of 
France,  and  ten  times  larger  in  America  : Is  it 
ten  times  more  powerful?  Is  it  even  as  power- 
ful as  if  this  bold  and  great  nation  were  limited 
to  derive  from  its  own  happy  country  all  the 
benefits  which  it  could  furniih  ? Have  not  the 
Britifh,  a people  fo  fenfible,  and  fuch  profound 
thinkers,  committed  a great  error  by  extending 
too  far  the  limits  of  their  colonies  ? The  ancients 
appear  to  have  had  more  corred  ideas  wfith  re- 
gard to  thefe  eftablifhments.  They  never  pro- 
jected emigrations  till  their  population  was  too 
great,  and  their  territory  and  commerce  were 
not  fufficient  to  fupply  their  wants.  Have  not 
the  invafions  of  barbarians,  which  we  look  up- 
on with  horror,  had  caufes  ftill  more  preffing, 
when  they  found  themfelves  too  numerous  in 
ungrateful,  cold,  and  naked  countries,  and  at 
the  fame  time  furrounded  with  fertile  and  culti- 
vated lands,  which  produced  every  article  they 
required  ? But,  what  quantities  of  blood,  what 
calamities,  what  Ioffes,  have  accompanied  and 
followed  thefe  direful  conquefts  ? 

We  ffiall  dwTel!  no  longer  on  the  difmal  fpec- 

* tacle 


3Sg  facts  AND  ARGUMENTS,  &c. 

tacle  of  thofe  revolutions  of  death  and  devalua- 
tion, which  are  the  genuine  effe&s  of  ignorance. 
Let  us  entertain  the  agreeable  hopes,  that  the 
balance,  though  imperfect,  which  fubfifts  be- 
tween cultivated  nations,  will  continue,  and  be- 
come even  more  liable  in  proportion  as  men 
{hall  have  better  notions  of  their  real  intereft  ; 
that  they  will  learn  the  value  of  peace  and  tran- 
quil happinefs  ; that  the  acquisition  of  this  objed 
will  be  the  chief  aim  of  their  ambition  ; and 
that  princes  will  difdain  the  falfe  glory  of  con- 
querors, and  defpife  the  little  reftlefs  vanity  of 
thofe  who  excite  them  to  fuch  dreadful  com- 
motions. 

Let  us  fuppofe  the  world  in  peace,  and  take 
a nearer  profped  of  the  influence  of  man’s  pow- 
er over  that  of  Nature.  Nothing  appears  to  be 
more  difficult,  not  to  fay  impofiible,  than  to  op- 
pofe  the  fucceflive  cooling  of  the  earth,  and  to 
warm  the  temperature  of  a climate  ; yet  this 
feat  man  can  and  has  performed.  Paris  and 
Quebec  are  nearly  under  the  fame  degree  of  la- 
titude ; Paris,  therefore,  would  be  as  cold  as 
Quebec,  if  France  and  the  adjacent  countries 
were  as  thinly  inhabited,  and  as  much  covered 
with  wood  and  water  as  the  territories  in  the 
neighbourhood  of  Canada.  The  draining,  clear- 
ing, and  peopling  a country,  will  give  it  a 
warmth  which  will  continue  for  fome  thoufand 
years  ; and  this  fa£t  will  prevent  the  only  rea- 
1 2 fonable 
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fonable  objedion  which  can  be  made  againft  my 
opinion,  that  the  earth  is  gradually  cooling. 

According  to  your  fyftem,  it  may  be  faid,  the 
whole  earth  muft  be  cooler  now  than  it  was  two 
thoufand  years  ago  : But  tradition  proves  the 
contrary.  France  and  Germany  formerly  pro- 
duced rain-deer,  lynxes,  bears,  and  other  ani- 
mals which  have  fince  retired  to  more  northerly 
regions.  This  progrefs  is  very  different  from 
what  you  maintain,  namely,  from  north  to 
fouth.  Befides,  hiftory  informs  us,  that  the 
river  Seine  was  annually  frozen  during  a part 
of  the  winter.  Are  not  thefe  fads  a dired  con- 
tradidion  to  the  gradual  booling  of  the  earth  ? 
They  would,  I acknowledge,  if  France  and  Ger- 
many w^ere  now  in  the  fame  ftate  ; if  we  had 
not  cut  down  the  forefts,  drained  the  marfhes, 
confined  the  torrents,  direded  the  rivers,  and 
cleared  all  the  lands  which  were  overgrown 
with  unprofitable  plants.  But  we  ought  to  con- 
fider,  that  the  heat  of  the  globe  diminiihes  in 
an  imperceptible  manner  ; that  feventy-two 
thoufand  years  were  neceffary  to  cool  it  to  a 
proper  temperature,  and  that  an  equal  portion 
of  time  muft  elapfe  before  it  is  fo  cold  as  to  be 
unfit  for  the  nourifhment  of  animals  and  vege- 
tables. We  muft  confider  the  difference  be- 
tween this  flow  cooling  of  the  earth  and  the 
fudden  colds  produced  in  the  atmofphere  ; and 
we  muft  neverthelefs  recoiled,  that  the  differ- 
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ence  between  the  greateft  heat  of  our  fummers, 
and  the  greateft  cold  of  our  winters,  exceeds  not 
a thirty-fecond  part.  From  thete  confiderations 
it  is  apparent,  that  external  caufes  have  a much 
greater  influence  upon  the  temperature  of  every 
climate  than  the  internal  caufe,  and  that,  in  all 
thofe  climates  where  the  cold  of  the  fuperior  re- 
gions of  the  air  is  attracted  by  moifture,  or  pufh- 
ed  by  the  winds  towards  the  furface,  the  effeds 
of  thefe  particular  caufes  are  much  more  power- 
ful than  that  produced  by  the  general  caufe.  Of 
this  we  fhall  give  an  example,  which  will  re- 
rrfove  every  doubt,  and  at  the  fame  time  obviate 
every  fimilar  objection  : 

. In  the  immenfe  territories  of  Guiana,  which 
are  covered  with  thick  forefts,  where  the  fun 
can  hardly  penetrate,  where  great  trads  of 
country  are  overflowed  with  water,  where  the 
rivers  are  very  near  each  other,  and  are  neither 
reftrained  nor  direded,  where  it  rains  continual- 
ly during  eight  months  of  the  year,  the  inhabit- 
ants, about  a century  ago,  began  to  clear  the 
country  around  Cayenne,  which  is  a very  fmall 
canton  of  thefe  vaft  forefts.  The  difference  of 
temperature  in  this  little  diftrid  is  already  fo 
perceptible,  that  the  people  are  too  warm  during 
the  night  ; but,  in  all  the  lands  which  are  cover- 
ed with  wood,  the  nights  are  fo  cold  that  fires 
are  neceflary  in  the  houfes.  The  fame  eflfed  is 
produced  with  regard  to  the  quantity  and  dura- 
tion 
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tion  of  the  rains  : They  ceafe  fooner  and  com- 
mence later  at  Cayenne  than  in  the  interior  parts 
of  the  country  ; neither  are  they  fo  heavy,  nor 
fo  frequent.  At  Cayenne,  there  are  four  months 
of  abfolute  drynefs  : But,  in  the  interior  parts  of 
the  country,  the  dry  feafon  lafts  only  three 
months  ; hefides,  a daily  rain  is  brought  down 
by  the  fouth  winds,  which  is  pretty  violent.  An- 
other circumftance  merits  attention  : It  feidom 
thunders  at  Cayenne  ; but,  in  the  interior  parts, 
where  the  clouds  are  black,  thick,  and  very  low, 
the  thunder  is  violent  and  very  frequent.  Thefe 
fa£ts  fhow,  in  the  cleared:  manner,  that,  in  this 
country,  the  eight  months  of  perpetual  rain 
might  be  diminiflied,  and  the  heat  greatly  aug- 
mented, if  the  forefts  were  cut  down,  if  the  wa- 
ters were  reftrained,  and  the  rivers  properly  di- 
rected, and  if  the  cultivation  of  the  earth, 
which  fuppofes  the  movements  of  a great  num- 
ber of  men  and  animals,  banifhed  that  cold  and 
fuperfiuous  moifture  which  is  attracted  and  dif- 
fufed  by  the  immenfe  quantity  of  vegetables. 

As  every  action,  every  movement,  produces 
heat,  and  as  all  beings  endowed  with  the  faculty 
of  progreffive  motion,  may  be  confidered  as  fo 
many  little  fires,  it  is  in  proportion  to  the  num- 
ber of  men  and  animals,  that  (every  thing  elle 
being  equal)  the  local  temperature  of  each  par- 
ticular country  depends.  The  former  difFufe  heat, 
the  latter  nothing  but  cold  and  moifture.  The 
perpetual  ufe  men  make  of  fire  adds  greatly  to 
3 the 
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the  artificial  temperature  of  all  populous  terri- 
tories. In  Paris,  during  great  colds,  the  ther-* 
mometers  at  the  Faubourg  Saint-Honoré  ftand 
two  or  three  degrees  lower  than  thofe  at  the  Fau- 
bourg  Saint-Merceau  ; becaufe  the  north  wind  is 
heated  in  paffing  over  the  numerous  chimneys 
of  that  great  city.  A fingle  foreft  in  any  country 
is  fufficient  to  produce  fome  change  in  its  tem- 
perature. Trees  attract  the  cold  ; by  their  fhade 
they  diminish  the  heat  of  the  fun;  they  produce 
moift  vapours  that  form  clouds  and  fall  down  in 
rain,  which  is  always  colder  from  the  greater 
height  it  defcends.  When  thefe  forefts  are  aban- 
doned to  Nature  alone,  the  old  trees  fall  and 
coldly  corrupt  ; but,  when  under  the  dominion 
of  man,  they  are  ufed  as  fuel  to  the  element 
of  fire,  and  become  the  fecondary  caufes  of 
every  particular  heat.  In  meadows,  before  the 
herbage  is  cut  down,  there  are  always  copious 
dews,  and  often  fmall  fhowers  of  rain,  which 
ceafe  as  foon  as  the  grafs  is  carried  off.  Thefe 
fmall  rains  would  become  more  abundant  and 
more  durable,  if  our  meadows,  like  the  favan- 
nahs  of  America,  were  always  covered  with  the 
fame  quantity  of  herbs,  which,  inftead  of  dimi- 
nifhing,  muft  increafe  by  the  accumulating  ma- 
nure of  all  thofe  that  die  and  corrupt  on  the 
furface. 

Many  other  examples  might  be  given,  all 
concurring  to  fhow  that  man  can  have  an  in- 
fluence 
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fluence  on  the  climate  he  inhabits,  and,  in  a 
manner,  fix  its  temperature  at  any  point  that 
may  be  agreeable  to  him  ; and,  what  is  lingular, 
it  is  more  difficult  for  him  to  cool  than  to  heat 
the  earth.  He  is  mafter  of  the  element  of  fire, 
which  he  can  augment  and  propagate  at  plea- 
fure,  but  not  of  the  element  of  cold,  which  he 
can  neither  lay  hold  of  nor  communicate.  The 
principal  of  cold  is  not  a real  fubftance,  but  a 
fimple  privation,  or  rather  diminution  of  heat; 
a diminution  which  ought  to  be  very  great  in 
the  high  regions  of  the  air,  and  which,  at  the 
diftance  of  a league  from  the  earth,  converts  the 
aqueous  vapours  into  hail  and  fnow.  For  the 
emanations  of  the  heat  proper  to  the  globe  ob- 
ferve  the  fame  law  as  all  other  phyfical  quanti- 
ties or  qualities  which  proceed  from  a common 
centre;  and,  as  their  intenfity  decreafes  in  the 
inverfe  ratio  of  the  fquai'e  of  the  diftance,  it  ap- 
pears to  be  certain,  that  the  atmofphere  is  four 
times  colder  at  the  height  of  two  leagues  than 
at  that  of  one,  each  point  of  the  earth’s  furface 
being  confidered  as  a centre.  On  the  other 
hand,  the  interior  heat  of  the  globe,  in  every 
feafon,  is  conftantly  ten  degrees  above  the  free- 
zing point.  Hence  the  earth  can  never  be  colder 
than  ten  degrees  above  this  point,  except  by 
the  fall  of  cold  matters  upon  its  furface  from  the 
fuperior  regions  of  the  air,  where  the  effects  of 
the  internal  heat  of  the  globe  diminifh  in  pro- 
vol.  IX.  c c portion 
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portion  tô  the  height.  Now,  the  power  of  man 
extends  not  fo  far.  He  cannot  make  cold  de- 
fcend,  as  he  makes  heat  afcend.  He  has  no 
other  mode  of  defending  himfelf  from  the  ardour 
of  the  fun’s  rays,  but  by  forming  a {hade.  But 
it  is  more  eafy  to  cut  down  the  forefts  of  Guiapa, 
in  order  to  heat  the  humid  earth,  than  to  plant 
trees  in  Arabia  to  refrefh  the  burning  fands.  A 
Angle  foreft,  however,  in  the  midft  of  thefe 
parched  deferts,  would  be  fufficient  to  render 
them  more  temperate,  to  attraCt  the  waters  from 
the  atmofphere,  to  reftore  all  the  principles  of 
fertility  to  the  earth,  and,  of  courfe,  to  make 
man,  in  thefe  barren  regions,  enjoy  all  the 
fweets  of  a temperate  climate. 

It  is  upon  the  difference  of  temperature  that 
the  ftronger  or  weaker  energies  of  Nature  de- 
pend. The  growth,  and  even  the  production, 
of  all  organized  beings,  are  only  particular  effects 
of  this  general  caufe  : Hence  man,  by  modify- 
ing this  caufe,  may  in  time  deftroy  what  injures 
him,  and  give  birth  to  everything  that  is  agree- 
able to  his  feelings.  Happy  are  thofe  countries 
where  all  the  elements  of  temperature  are 
balanced,  and  fo  fortunately  combined  as  to  pro- 
duce only  good  effects  ! But,  has  any  country, 
from  its  origin,  ever  enjoyed  this  privilege  ? Is 
there  any  country  where  the  power  of  man  has 
not  aided  that  of  Nature,  either  by  attracting  or 
diffipating  the  waters,  by  deftroying  noxious 
i ojr 
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or  fuperfluous  vegetables,  and  by  taming  and 
multiplying  ufeful  animals  ? Of  three  hundred 
fpecies  of  quadrupeds,  and  fifteen  hundred 
fpecies  of  birds,  man  has  feledted  nineteen  or' 
twenty*;  and  thefe  twenty  fpecies  make  a 
greater  figure  in  Nature,  and  are  more  ufeful 
to  the  earth  than  all  the  others  : They  make  a 
greater  figure,  becaufe  they  are  directed  and 
prodigioufiy  multiplied  by  man.  By  co-opera- 
ting with  him,  they  produce  all  the  benefits 
which  could  be  expeâed  from  a wife  diftribu- 
tion  of  powers  in  cultivating  the  earth,  in  tranf- 
porting  the  articles  of  commerce,  in  augmenting 
provisions,  in  fupplying  all  the  wants,  and  ir\ 
miniftering  to  the  pleafures  of  their  only  mafter, 
who  can  reward  their  fervices  by  his  induftry 
and  attention. 

Of  the  fmall  number  of  animals  fele&ed  by 
man,  the  hen  and  the  hog  fpecies,  which  are  the 
moft  prolific,  are  likewife  the  moft  generally 
diffufed,  as  if  the  aptitude  for  great  multiplica- 
tion were  accompanied  with  that  vigour  of  con- 
ftitution  which  braves  every  danger  or  inconve- 
niency  arifing  from  difference  of  climate.  The 
hen  and  the  hog  have  been  found  in  the  moft 
unfrequented  regions  of  the  earth,  in  Otaheite 
I and  other  fouthern  iflands,  which  are  the  moft 

* The  elephant,  the  camel,  the  horfe,  the  afs,  the  ox,  the 
ftieep,  the  goat,  the  hog,  the  dog,  the  cat,  the  lama,  the 
vigogne,  the  buffalo  ; the  hen,  the  fivan,  the  guiney-hen,  the 
duck,  the  peacock,  the  pheafant,  and  pigeon. 
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remote  from  any  continent,  and  have,  till  very 
lately,  remained  for  ever  unknown.  It  appears 
that  thefe  fpecies  have  followed  man  in  all  his 
emigrations.  In  South  America,  where  none  of 
our  animals  could  poffibly  arrive,  we  find  the 
pécari  and  wild  hen,  which,  though  fmaller  and 
a little  different  from  the  hog  and  hen  of  our 
continent,  mull  be  regarded  as  a fpecies  fo  much 
allied  that  they  might  eafily  be  reduced  to  a 
domeftic  ftate.  Rut  favage  man,  having  no  idea 
of  fociety,  is  not  folicitous  about  that  of  animals. 
In  the  regions  of  South  America,  the  favages 
have  no  domeftic  animals.  They  deftroy  in- 
differently the  good  with  the  bad  fpecies.  They 
feleâ  none  for  the  purpofes  of  rearing  and  mul- 
tiplying them  ; while  a fingle  fertile  fpecies,  like 
that  of  the  bocco  which  is  at  their  command, 
would  furnifh  them,  with  very  little  attention, 
mere  fubfiftence  than  they  can  procure  by  their 
laborious  and  painful  huntings. 

Thus  the  firft  mark  of  man’s  civilization  is 
the  empire  he  affumes  over  the  animals  ; and 
this  firft  mark  of  his  intelligence  becomes  after- 
wards the  greateft  evidence  of  his  power  o^er 
Nature  : For  it  is  only  after  he  fubjugates  and 
tames  animals,  that  he  is  enabled,  by  their  affift- 
ance,  to  change  the  face  of  the  earth,  to  convert 
deferts  into  fertile  ground,  and  heath  into  corn. 
By  multiplying  ufeful  animals,  he  augments 

* A large  and  very  prolific  bird,  vvhofe  flefh  is  as  good  as  that 

of  the  pheaiant.. 

the 
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the  quantity  of  life  and  motion  on  the  furface 
of  the  earth  ; lie,  at  the  fame  time,  improves 
the  whole  race  of  beings,  and'  ennobles  himfelf» 
by  transforming  the  vegetable  into  the  animal, 
and  both  into  his  own  fubftance,  which  after- 
wards difFufes  itfelf  by  a numerous  multiplica- 
tion. He  every  where  produces  plenty  of  pro- 
vifions,  which  is  always  fucceeded  by  great  po- 
pulation. Millions  of  men  exift  in  the  fame 
fpace  which  was  formerly  occupied  by  two  or 
three  hundred  favages,  and  millions  of  animals 
where  only  a few  individuals  exifled.  By  him, 
and  for  his  ufe,  all  the  precious  germs  are  un- 
folded ; the  produdions  of  the  nobleft  kinds 
are  alone  cultivated  ; upon  the  immenfe  tree  of 
fecundity  the  fr  uitful  branches  are  alone  brought 
to  perfedion. 

Grain,  of  which  man  makes  bread,  is  not  the 
gift  of  Nature,  but  the  fruit  of  his  refearches 
and  of  his  knowledge  in  the  firft  of  all  arts.  In 
no  quarter  of  the  earth  has  wild  corn  been  ever 
found  : It  is  evidently  an  herb  brought  to  per- 
fedion  by  his  care  and  induftry.  This  precious 
plant  he  mull  have  feleded  out  of  many 
thoufands.  He  muft  have  fown  and  reaped  a 
number  of  times,  in  order  to  difcover  its  fertility, 
which  is  always  proportioned  to  the  manure 
and  culture  bellowed  upon  the  foil  : And  the 

fmgular  quality  po fie fled  by  wheat  of  refifting3 
in  its  early  Hate,  the  cold  of  our  winters, 
though,  like  all  other  annual  plants,  it  perifhes 
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after  yielding  its  feed,  and  its  no  lefs  wonderful 
qualities  of  being  nutritious  and  agreeable  to  all 
men,  to  many  animals,  accommodated  toalmoft 
every  climate,  and  can  be  long  preferved  with- 
out corruption,  and  without  lofing  its  power  of 
re-produ£tion  ; all  thefe  circumftances  concur  in 
proving  that  it  is  the  moil  happy  invention  ever 
difcovered  by  man;  and,  however  ancient  it 
may  be  fuppofed,  it  muft  have  been  preceded 
by  the  art  of  agriculture  founded  upon  fcience, 
and  brought  to  perfection  by  experience  and 
obfervation. 

If  more  modem  and  even  recent  examples  of 
man’s  power  over  the  nature  of  vegetables  are 
required,  we  have  only  to  compare  our  pot- 
herbs, our  flowers,  and  our  fruits,  with  thofe  of 
the  fame  fpecies  as  they  exifted  fifty  years  ago. 
This  comparifon  may  be  inftantly  made,  by 
infpeCting  the  great  collection  of  flowers, 
which  was  begun  in  the  time  of  Gafton  d’Or- 
leans,  and  continued  to  this  day,  in  the  Royal 
Garden.  We  fhall  then  perceive,  perhaps  with 
furprife,  that  the  molt  beautiful  flowers  of  that 
period,  as  the  ranunculi,  pinks,  tulips,  auricula, 
&c.  would  now  be  rejected,  not  by  florifts  alone, 
but  by  the  moft  vulgar  gardeners,  Thefe  flow- 
ers, though  then  cultivated,  were  not  far  re- 
moved from  their  natural  (late.  A Angle  row  of 
petals  or  flower  leaves,  long  (lamina,  and  hard 
or  difagreeable  colours,  without  variety,  and 
without  delicate  (hades,  are  the  ruftic  charac- 
ters 
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ters  of  favage  nature.  Our  pot-herbs  confifted 
of  a fingle  fpecies  of  fuccory,  and  two  of  lattuce, 
both  very  bad;  but  we  have  now  more  than 
fifty  kinds  of  lattuce  and  fuccory,  all  of  which 
are  good.  Our  beft  fruits  and  nuts,  which  are 
fo  different  from  thofe  formerly  cultivated,  that 
they  have  no  refemblance  but  in  the  name, 
muff  likewife  be  referred  to  a very  modern 
date.  In  general,  fubftances  remain,  and  names 
change  with  times.  But,  in  this  cafe,  names 
remain,  and  fubftances  are  changed.  Our  peaches, 
our  apricots,  our  pears,  are  new  produ&ions 
with  ancient  names.  To  remove  every  doubt 
upon  this  fubje£t,  we  have  only  to  compare  our 
flowers  and  fruits  with  the  defcriptions,  or 
rather  notices  of  them,  tranfmitted  to  us  by  the 
Greeks  and  Romans.  All  their  flowers  were 
fingle,  and  all  their  fruit  trees  were  wild  ftocks, 
and  their  fpecies  very  ill  chofen  : Their  fruits,  of 
courfe,  were  fmall,  dry,  four,  and  had  neither 
the  flavour  nor  the  beauty  of  ours. 

Thefe  new  and  good  fpecies  originally  fprung 
from  the  wild  kinds  ; but,  how  many  thoufand 
times  have  their  feeds  been  fawn  before  this 
happy  efîeâ  was  produced  ? It  was  only  by  (ow- 
ing and  rearing  an  infinite  number  of  vegetables 
of  the  fame  fpecies,  that  fome  individuals  were 
recognifed  to  bear  better  and  more  fi*xulent 
fruit  than  others  ; and  this  fir  ft  difcovery,  which 
fuppofes  much  care  and  obfervation,  would  have 
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remained  for  ever  ufelefs,  if  a fécond  had  not 
been  made,  which  implies  an  equal  degree  of 
genius  as  the  firfl  required  of  patience  ; I mean 
the  mode  of  multiplying  by  engrafting  thofe  pre- 
cious individuals,  which  unfortunately  cannot 
propagate,  or  tranfmit  their  excellent  qualities  to 
their  pofterity.  This  fa£t  alone  fhows  that  thefe 
qualities  are  purely  individual,  and  not  fpecific  ; 
for  the  feeds  of  thefe  excellent  fruits,  like  the 
inferior  kinds,  produce  nothing  but  wild  flocks, 
which  are  eflentially  different. 

By  means  of  engrafting,  however,  man  has 
in  a manner  created  fecondary  fpecies,  which 
he  can  multiply  at  pleafure.  The  bud  or  fmall 
branch,  when  united  to  the  wild  flock,  retains 
that  individual  quality  which  it  could  not  tranfi* 
mit  by  its  feed  ; and,  in  order  to  produce  the 
fame  fruit  as  its  original  parent,  it  requires  only 
to  be  developed.  The  fruits  receive  none  of  the 
bad  qualities  of  the  wild  flock  ; becaufe  it  has 
not  contributed  to  their  formation  : It  is  not 
their  mother,  but  their  nurfe,  which  only 
affifts  their  growth  by  conveying  nourifhment  to 
them. 

In  the  animal  kingdom,  moft  of  thofe  quali- 
ties which  appear  to  be  individual,  are  propagat- 
ed and  tranfmitted  in  the  fame  manner  as  their 
fpecific  qualities.  It  was,  therefore,  more  eafy 
for  man  to  have  influence  upon  the  nature  of 
animals  than  upon  that  of  vegetables.  Particular 

races 
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races  in  any  fpecies  of  animals  are  only  confiant 
varieties  which  are  perpetuated  by  generation. 
But,  in  the  vegetable  kingdom,  there  are  no 
races,  no  varieties  fo  confiant,  as  to  be  perpetu- 
ated by  reproduction.  In  the  fpecies  of  the  hen 
and  pigeon,  a great  number  of  races  have  been 
very  lately  produced,  all  of  which  propagate  their 
kinds.  In  other  fpecies,  we  daily  rear  and  im- 
prove races  by  croffing  the  breeds.  From  time 
to  time,  we  naturalize  and  tame  foreign  or  wild 
fpecies.  All  thefe  recent  examples  fhow,  that  it 
was  long  before  man  knew  the  greatnefs  of  his 
power,  and  that  he  is  not  yet  fully  acquainted  with 
its  extent  : It  depends  entirely  on  the  exercife 
of  his  intelled.  Thus  the  more  he  fhall  obferve 
and  cultivate  Nature,  the  more  expedients  he  will 
difcover  for  making  her  fubmit,  and  for  draw- 
ing from  her  bofom  frefii  fources  of  riches, 
without  diminishing  the  inexhauftible  treafures 
of  her  fertility. 

What  influence  might  not  man  acquire  over 
his  own  fpecies,  if  his  inclinations  were  always 
directed  by  his  intelligence  ? Who  knows  to  what 
degree  he  might  improve  his  moral  as  well  as 
his  phyfical  nature  ? Is  there  a Angle  nation  who 
can  boaft:  of  having  arrived  at  the  beft  of  pofli- 
ble  governments,  a government  which  would 
render  all  men  not  equally  happy,  but  lefs  un- 
equally miferable,  by  attending  to  their  prefer- 
vation,  by  foftening  their  labours,  and  fparing 

their 
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their  blood  by  cultivating  peace  and  procuring 
abundance  of  provifions  : This  is  the  moral  end 
pf  every  fociety  of  men  who  are  anxious  to  im- 
prove their  condition  : And,  with  regard  to  the 
phylical  part  of  our  nature,  have  the  medical 
and  other  arts,  whofe  objects  are  health  and 
prefervation,  made  an  equal  progrefs  as  the  arts 
of  deftrüâion  invented  for  the  purpofes  of  war 
and  carnage?  In  all  ages,  it  appears  that  man 
has  refleâed  deeper  and  made  more  refearches 
concerning  evil  than  good.  In  every  fociety 
there  is  a mixture  of  both  ; and  as,  of  all  fenti- 
ments  which  affeâ:  the  multitude,  fear  is  the 
moft  powerful,  great  talents  in  the  art  of  doing 
mifcnief  were  the  firft  which  ftruck  the  mind  of 
man  ; he  was  afterwards  occupied  with  the  arts 
of  amufement;  and  it  was  not  till  after  long  ex- 
perience in  thefe  two  means  of  falfe  honour  and 
unprofitable  pleafure,  that  he  at  laft  recognifed 
his  true  glory  to  be  lcience,  and  his,  true  hap:* 
pinefs  peace. 
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ETNA,  Mount,  a defcription  of  it,  147.  166.  Dimenflons  of 


its  crater,  150.  Every  eruption  of  it  produces  a new  moun- 
tain, 15 1.  Dangerous  to  defcend  its  crater,  155.  Some- 
times falls  in,  156.  Ætna  one  of  the  primitive  mountains,  ib . 
Did  not  burn  in,  the  days  of  Homer,  r 5 7.  The  circum- 
ference of  its  bafe,  165.  Not  a fmgle,  but  an  aftemblage  of 
volcano's,  166.  Its  fummit  at  prefent  throws  out  nothing 
but  fmoke,  i65.  Pindar  firft  takes  notice  of  its  eruptions. 


Agde,  Cape,  an  extinguiflied  volcano,  200. 

Air,  of  its  date  on  the  top  of  high  mountains,  117.  Not  more 
comprefled  in  the  plains  than  in  the  mountains,  118.  Nearly 
of  equal  denfity  at  all  heights,  120. 

Albano.  See  Lakes. 

Aleutes,  iflands  of,  defcribed,  373.  375. 

Alps,  foffillhells  found  in  them,  42,  43.  Defcription  of  their 
glaciers,  358. 

America,  a recent  land,  13.  . Of  its  difcovery,  17.  Foffil  fhells 
found  in  it,  38,  39.  And  the  tufts  of  elephants,  274.  Of  a 
north -eaft  paflage  to  it,  367.  Of  the  north-weft  paflage,  372. 
Tfchutfchis  pafs  from  Afia  to  America,  374.  Account  of  the 
iflands  between  America  and  the  north  of  Afia,  375.  Peopled 
probably  from  Afia,  380. 

Ammonis.  See  Cornua. 

Anadir.  See  Andrien. 

Andrien  iflands  defcribed,  373. 

Animals,  ufeful  ones,  tamed  by  man,  403.  Man’s  power  over 
them,  404. 

Arts  firft  invented  in  the  north  of  Afia,  384. 

Arthenay,  M.  de?  his  account  of  Vefuvius,  172. 

Afcenfion  ifland  formed  by  a volcano,  194. 

Afia,  doubtful  whether  the  Ruffians  ever  doubled  the  northern 
point  of  it,  367.  Of  a north-eaft  paflage  between  it  and 
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America,  ib.  Captain  Bering’s  account  of  the  iflands  between 
the  two  Continents,  375.  Science  firil  arofe  in  the  north  of 
Afia,  384. 

Aftronomy  firft  known  and  cultivated  in  the  north  of  Aha,  at  a 
very  remote  period  of  antiquity,  385.  Very  imperfectly  known 
till  lately,  389. 

Atlantic,  of  its  northern  parts,  86. 

Atmofphere,  of  its  height,  121. 

B 

Barbarous  nations,  their  ravages,  394. 

Barometer,  how  the  height  of  mountains  is  meafured  by  it,  117. 

Bafalts  found  in  the  ifle  of  Bourbon,  195.  And  in  many  other 
places,  ib.  199.  The  manner  in  which  they  are  formed,  212. 

Beds.  See  Strata . 

Bering,  Captain,  his  account  of  the  iflands  between  the  north  of 
Afia  and  America,  37;. 

Bomare,  M.  de,  obferved  vefliges  of  volcano’s  in  the  territory  of 
Cologne,  203. 

Bones  found  between  two  ftrata  of  rock,  249.  And  in  a folid 
rock,  250.  Thofe  of  the  elephant  and  hippopotamus  found  in 
Siberia  and  North  America,  277.  Of  fome  enormous  animal 
found  near  the  banks  of  the  Ohio,  289.  Large  bones  of  the 
fuppofed  King Teutobochus  defcribed,  33^,  &c. 

Bofphorus,  the  Mediterranean  fea  elevated  by  its  rupture,  157. 

Bouguer,  his  experiments  concerning  the  depth  to  which  the 
fun’s  rays  can  penetrate  water,  266.  Remarks  on  them,  267. 

Bourbon,  ifie  of,  extinguifhed  volcano’s  in  it,  193,194.  Bafalts 
found  in  it,  195. 

Brahmins  calculate  eclipfes,  387. 

Brydone,  Captain,  his  defcription  of  Scylla  and  Charybdis,  m. 
His  fads  and  remarks  praifed  by  the  Count  de  Bulfon,  158. 
His  remarks  on  the  eruption  of  Ætnain  1755,  170. 

C 

Caille,  l’Abbé  de  la,  his  account  of  extinguiflied  volcano’s  in  the 
ifle  of  France,  193.  And  of  the  ifle  of  Bourbon,  ib. 
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Calcarious  fubftances  capable  of  being  vitrified,  32.  Compofed 
entirely  of  the  relicks  of  aquatic  animals,  273,  274. 

Canada,  fofiil  fihells  found  in  it,  39. 

Cafpian  fea  only  a lake,  loo.  Formerly  much  larger,  352. 

Catania,  often  dellroyed  by  the  eruptions  of  Ætna,  159.  164. 

Catarafls,  remarks  concerning  them,  76.  That  of  Terni  falls 
300  feet,  77.  That  of  Niagara  only  156,  ib. 

Caverns,  the  effects  of  their  finking,  60.  Of  thofe  formed  by 
the  primitive  fire,  222. 

Ceylon,  ifiand  of,  formerly  united  to  the  continent,  334. 

Charlotte  ifiands,  fmoke  ifiues  from  one  of  theih,  195. 

Charybdis,  its  current  defcribed,  in. 

Chinefe  calculate  eclipfes  in  a rude  manner,  388.  Never  invent 
nor  bring  any  thing  to  perfe&ion,  388,  389. 

Climate,  may  be  warmed  by  human  art  and  induftry,  396. 

Coal,  of  its  compofition,  343. 

Cold,  its  phænomena  in  Greenland,  88. 

Collinfon,  Mr.  his  account  of  enormous  bones  found  near  the 
banks  of  the  Ohio,  288. 

Columbus  vindicated  from  an  afperfion,  18. 

Columns,  bafaltic,  how  they  are  formed,  212. 

Compafs,  Mariners,  of  its  invention,  16.  Known  in  the  days  of 
Homer,  17. 

Condamine’s  defcription  of  Vefuvius,  174.  179.  His  account  of 
the  nature  of  lava,  217. 

Continents,  of  their  extent,  8.  Calculation  of  our  Continent  into 
leagues  fquare,  9.  Calculation  of  the  Continent  of  America 
into  leagues  fquare,  10.  Of  the  form  of  Continents,  12.  Ana- 
logies between  the  figure  of  the  New  and  Old  Continents,  zb. 
Formerly  covered  with  the  ocean,  45.  Period  when  the  two 
Continents  were  feparated,  286. 

Cook,  Captain,  his  difcoveries  in  the  fouthern  hemifphere,  15. 

Cordelieres,  fofiil  fhells  found  in  them,  319. 

Corn  never  found  in  a natural  Hate,  405. 

Cornua  Ammonis,  their  great  variety,  46.  48,  49.  An  immenfe 
one  found  in  Champagne,  304. 

Croghan,  Mr.  his  account  of  enormous  bones  found  near  the  banks 
of  the  Ohio,  289. 

Currents,  run  perpetually  from  Guiana  to  the  Antilles,  18.  The 
probable  caufe  of  this  phænomenon,  19.  Double  currents  in 
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fome  parts  of  the  ocean,  79,  80,  &c.  Description  of  the  cur- 
rent of  Mofche  or  Male  on  the  coaft  of  Norway,  107.  Of  that 
of  Scylla  and  Chary bdis,  1 1 1 . 

D 

Demandes,  his  experiments  which  prove  the  exigence  of  double 
currents  in  fome  parts  of  the  ocean,  80,  &c. 

Dunkirk,  the  fea  has  been  gradually  retiring  from  its  coaft,  255. 

E 

Earth,  of  its  diftance  from  the  fun,  1 . Of  its  interior  rock, 
30.  Of  the  inequalities  on  its  furface,  50.  Effefls  produced 
by  the  finking  of  its  caverns,  60.  Caufes  of  its  fiflures,  62, 
Elevated  at  the  equator  and  deprefled  at  the  poles,  259.  261. 
Poflefles  an  internal  heat,  260,261.  The  materials  of  which 
it  is  compofed  generally  of  a vitreous  nature,  ib.  270.  Was 
formerly  in  a date  of  fluidity,  261.  285.  Genfanne’s  experi- 
ments on  its  internal  heat,  263.  Mairan’s  experiments  on  the 
fame  fubjett,  ib.  Its  whole  furface  has  been  covered  with  the 
ocean  to  the  height  of  1500  or  2000  fathoms,  319.  Its  declivity 
more  rapid  on  the  weft  than  on  the  eaft  coafts,  349. 

Earthquakes,  the  caufes  of  them,  138.  Generally  precede  erup- 
tions of  volcano’s,  141.  A mountain  in  Iceland  funk  by  one, 
143.  Other  dreadful  effects  of  them,  144.  Generally  precede 
eruptions  of  volcano’s,  158. 

Eclipfes  calculated  by  the  Brahmins,  387. 

Elephants,  their  tufks  and  fkeletons  found  in  Siberia,  274.  And 
in  North  America,  275.  Formerly  inhabited  the  northern  re- 
gions, 276. 

Empedocles,  the  ruins  of  his  tower  ftill  exifts  on  Mount  Ætna* 

*55- . 

Engrafting,  the  ufefulnefs  of  its  invention,  408. 

Epochs  of  Nature,  276. 

Eruptions  of  volcano’s  defcribed,  158.  Ceafe  after  the  flowing 
of  the  lava,  159.  New  mountains  formed  by  them,  162.  A 
great  one  in  1669  from  Ætna,  163.  Thofe  of  Ætna  firft 

mentioned 
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mentioned  by  Pindar,  1 68.  A dreadful  one  in  1755»  169, 
Eruptions  of  Mount  Hecla,  187. 

F 

Fire,  its  effets  in  hardening  bodies,  63,  64.  Of  the  caverns 
formed  by  the  primitive  lire,  222.  Subterraneous  lire  one  of 
the  chief  caufes  of  the  revolutions  which  the  globe  has  under- 
gone, 228. 

Fifties,  can  live  in  water  fo  hot  as  from  50  to  60  degrees  of  the 
thermometer,  321,  322.  Of  petrified  fifties  found  in  ftate,  341. 

Fiftures  of  the  earth,  their  caufes,  62.  Metals  found  in  them, 

3°7- 

Fofiil  Ihells.  See  Shells. 

Foffil  wood,  found  in  many  places,  343. 

Fougeroux,  M.  de  Banderoy,  his  defcription  of  Solfatara,  203. 
Of  thofe  in  other  parts  of  Italy,  206.  His  account  of  the  nature 
of  lava,  218.  His  defcription  of  petrified  wood,  244. 

Fountains,  defcription  of  hot  ones,  206,  & c.  j 

Foxes,  iftandsof,  defcribed,  375. 

France,  height  of  its  mountains,  53,  54.  Extinguiftied  volcano’s 
in  it,  196. 

France,  ille  of,  full  of  extinguiftied  volcano’s,  193.  Bafalts 
found  in  it,  1 95 . 

t 

G 

Genfanne,  M.  de,  his  experiments  on  the  internal  heat  of  the 
earth,  263. 

Giants,  of  different  animals,  formerly  exifted,  324.  Example* 
of  them,  325.  Individual  human  giants  produced  in  every 
climate,  331.  Races  of  them  in  Afia,  331,  332.  Difpute 
concerning  the  large  bones  of  the  fuppofed  King  Teutobochus, 
333.  Other  examples  of  a fimilar  kind,  337. 

Gibraltar,  Straits  of,  the  Mediterranean  fea  elevated  by  its  rup- 
ture, 157. 

Glaciers,  a defcription  of  them,  358.  Are  conllantly  augment- 
ing, 363. 
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Globe»  See  Earth . 

Gold,  and  fometimes  filver  and  copper,  found  in  a pure  Hate* 
309- 

Grain,  of  which  bread  is  made,  an  artificial  produ&ion,  405. 

Greenland,  of  its  fituation  with  regard  to  temperature,  88. 

Guatimala  deftroyed  by  an  eruption  of  Pacayita,  172, 

Guettard,  his  account  of  extinguilhed  volcano’s  in  France,  196* 
His  defcription  of  turf,  234.  His  account  of  bones  found  in  a 
rock,  250. 

Guiana,  its  rivers  near  each  other,  and  depofite  vaft  quantities  of 
mud  in  the  fea,  355.  Its  temperature  heated  by  cultivation, 
398- 

H 

Heat,  of  the  fun,  how  far  it  can  penetrate  water,  262. 

Hèberden’s  defcription  of  the  Peak  of  TenerifF,  190. 

Hecla,  Mount,  a defcription  of  it,  185.  Its  eruptions,  188. 

H^bicot,  his  difpute  with  Riolan  concerning  the  large  bones  of  the 
fuppofed  King  Teutobochus,  333* 

Hills.  See  Mountains . 

Hippopotamus,  bones  of  it  found  in  Siberia,  274.  And  in 
North  America,  275.  Formerly  inhabited  the  northern  re- 
gions, 276. 

Homer  ; Mount  Ætna  did  not  burn  in  his  days,  157. 

Hudfon’s  Bay,  its  difcovery  revived  the  project  of  a north-weft 
paffage,  94. 

Î 

Japanefe  iflands  abound  with  volcano’s,  and  more  fubjed  to  . 
earthquakes  than  any  other  country,  354. 

Ice  found  in  much  lower  latitudes  in  the  fouthern  than  in  the 
northern  hemifphere,  14.  Floating  mountains  of  it,  their 
origin,  89,  90. 

Indian  ocean  has  undergone  great  revolutions,  353. 

Jofephus,  the  Jewifh  hiftorian,  firft  mentioned  the  period  of  fix 
hundred  years,  without  underftanding  its  value,  389. 
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I fle  of  France,  full  of  extinguilhed  volcano’s,  193. 

Iron,  fome  mountains  entirely  compofed  of  it,  313. 

Ivory,  great  quantities  of  it  found  in  Siberia  and  North  America, 
2 76,  277.  Its  ftrufture,  281. 


■ K 

Kadjack,  iflandof,  defcribed,  376. 

L 

Lakes,  the  Cafpian  fea  only  a lake,  10$.  Of  the  fait  lakes  in 
Afia,  102.  Lake  Albano  the  mouth  of  an  ancient  volcano, 

1 8 r . 

Land,  of  its  finking  and  derangement  in  certain  places,  228.  Of 
the  changes  of  fea  into  land,  255. 

Lava,  not  the  firft  efleét  of  volcano’s,  158.  Eruptions  ceafe  af- 
ter the  lava  flows,  159.  The  deftru&ion  produced  by  it,  ib . 
Catania  often  deftroyed  by  it,  ib . The  vafl  extent  of  fome 
of  its  torrents,  160.  Long  before  it  acquires  a vegetable  foil, 
16 1.  Its  great  thicknefs,  ib.  Antiquity  of  the  world  com- 
puted from  fucceflive  ftrata  of  lava  and  vegetable  fbil,  163. 
Lavas  of  Vefuvius  defcribed,  176.  Of  the  motion  of  lavas, 
209.  Require  a long  time  to  cool,  213.  Of  the  nature  of 
lavas,  217.  See  Eruptions  and  Volcano's. 

Lavanges,  or  great  mafles  of  fnow  and  ice  rolling  down  from 
high  mountains,  defcribed,  125.  Precautions  ufed  by  the  na- 
tives againft  their  dreadful  effedls,  127. 

Light,  how  deep  it  can  penetrate  water,  265,  That  of  the  moon 
has  no  fenfible  heat,  268. 

Load-ftone,  mountains  compofed  of  it,  314. 

Lunifolar  period  firfl  difcovered  in  the  north  of  Afla,  385. 


M 

Madagafcar,  bafalts  found  in  it,  195.  Formerly  united  to  the 
continent,  354. 

Maillés,  a favage  people,  defcribed,  351. 

Mairan,  his  experiments  on.  the  internal  heat  of  the  earth,  263. 
vol.  ix,  d d Man, 
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Man,  acccount  of  his  original  ftate,  381.  The  firfl  monuments 
of  his  art,  ib.  His  progrefs  in  the  arts,  382.  The  firfl;  men 
of  fcience  were  produced  in  the  north  of  Afia,  384.  His 
powers,  392.  396.  404.  Tames  animals  for  his  ufe,  403. 

Mariner’s  compafs,  of  its  invention,  16.  Known  in  the  days  of 
Homer,  17. 

Mazeas,  M.  l’Abbé,  his  account  of  a quarry  of  petrified  wood, 
242. 

Mediterranean  fea  elevated  by  the  rupture  of  the  ftraits  of  Gib- 
raltar and  of  the  Bofphorus,  157. 

Metals,  of  the  fituations  in  which  they  are  found,  307.  Some  of 
them  exift  in  a pure  Hate,  309. 

Mines,  the  degrees  of  heat  difcovered  in  them,  264. 

Moon,  its  light  has  no  fenfible  heat,  268. 

Morfe,  its  bones  found  in  northern  regions,  279. 

Mofche  or  Male,  a famous  current  on  the  coaft  of  Norway,  de- 
fcribed,  107. 

Mountains,  primitive  ones  compofed  of  vitrefcent  materials,  31. 
Foffil  fhells  found  in  very  high  mountains,  44.  Of  their 
height,  50.  Height  of  the  moft  elevated  in  the  province  of 
Quito  in  Peru,  ib.  Thofe  of  South  America  the  higheft,  5 1 . 
The  height  of  Norwegian  mountains,  and  of  thofe  of  France, 
53,  54.  ■ Of  the  direction  of  mountains,  55—60.  Of  their 
formation,  60.  Of  the  inclination  of  their  ftrata,  67.  Of 
their  peaks,  70.  How  to  meafure  their  height  by  the  baro- 
meter, 117.  Mount  Ætna  defcribed,  147.  Mount  Hecia  de- 
fcribed,  185.  Some  mountains  compofed  entirely  of  iron* 
313.  Others  of  load-ftone,  314. 


N 

Naples,  its  ftreets  paved  with  lava,  176.  Mountains  in  its  envi- 
rons are  mafifes  of  burned  matter,  181. 

Nature,  monuments  of  her  great  antiquity,  274,  275.  Her 
epochs,  276.  305.  Man’s  power  over  her,  392.  396.  404. 
Niagara,  cataraél  of,  falls  156  feet,  76. 

North-weft  paftage,  Captain  Phipps’s  remarks  on  it,  90,  91. 

Raynal’s  obfçrvations  on  this  fubjeét,  94. 

Norway,  height  of  its  mountains,  53.  Their  dire&ion,  58. 

Defcription  of  the  current  of  Mofche  or  Male  on  its  coa ft,  107, 
Nu**  M.  delà,  his  account  of  water  fpouts,  129, 
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O 

Ocean.  See  Sea. 

Ohio,  enormous  bones  found  near  its  banks,  289. 

Olympus,  its  height,  53. 

Otaheite,  ftones  in  it  bear  evident  marks  of  fire,  194. 

P 

Pacayita,  a water  Volcano,  deflroyed  the  city  of  Guatimala,  172» 

Pallas,  M.  found  bones  of  the  elephant,  and  a Ikeleton  of  the 
rhinoceros,  in  Siberia,  288.  Suppofes  the  Cafpian  fea  to  have 
been  formerly  much  larger  than  it  is  at  prefent,  352. 

Paris,  foffil  fhells  found  in  its  neighbourhood,  41, 

Paftage,  of  the  practicability  of  a north-eaft  one  between  the  Old 
and  New  Continents,  367.  Of  the  north -weft  paftage,  372. 

Peak  of  TenerifF,  its  height,  53.  Dr.  Heberden’s  defcription  of 
it,  190. 

Peaks  of  mountains,  how  formed,  224. 

Peru,  petrified  fhells  found  there,  39. 

Perronet,  his  account  of  the  finking  of  certain  lands,  228. 

Petrified  fhells.  See  Shells. 

Petrified  wood,  an  account  of  it,  237.  How  its  age  may  be 
afcertained,  239. 

Phipps,  Captain,  account  of  his  voyage  to  the  north  feas,  90,  91» 

Pindar,  firft  mentions  the  eruptions  of  Ætna,  168. 

Planets,  additions  concerning  their  formation,  p.  1.  Of  the 
matter  of  which  they  are  compofed,  3.  Of  the  relation  be- 
tween their  denfity  and  celerity,  4.  Of  the  relation  between 
their  denfity  and  the  degrees  of  heat  to  which  they  are  ex- 
pofed,  6. 

Plants,  can  vegetate  in  water  fo  hot  as  from  50  to  60  degrees  of 
the  thermometer,  321,  322. 

Pyrennees,  foflil  fhells  found  in  them,  42.  223. 
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Quito,  height  of  its  mountains,  50-, 
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Recupero,  Signior,  his  account  of  an  ancient  lava,  160.  Com* 
putes  the  antiquity  of  the  world  from  fucceflive  ftrata  of  lava 
and  vegetable  foil,  163. 

Rhinoceros,  its  bones  found  in  Siberia,  274.  And  in  North 
America,  275. 

Rhone,  bafaltic  columes  found  on  its  banks,  199. 

Riolan,  his  difpute  with  Habicot  concerning  the  large  bones  of  the 
fuppofed  King  Teutobochus,  333. 

Ifcjflia*  great  quantities  of  ivory  found  in  it,  277. 


S 

Salt  lakes,  of  thofe  in  Afia,  io2. 

Sea,  of  produ&ions  of  it  found  in  the  bowels  of  the  earth,  34, 
35.  Their  form  and  number  prove  that  they  were  formerly 
animals  which  exifted  in  the  ocean,  36.  Formerly  covered 
what  is  now  dry  land,  37.  to  the  height  of  two  thoufand 
fathoms,  61.  Of  its  faltnefs,  75.  Limits  of  the  South  fea, 
78.  Double  currents  in  it,  79,  8o*  & c.  Cafpian  fea  only  a 
lake,  100.  Nature  of  the  foil  at  the  bottom  of  the  fea,  104. 
Sicilian  fea  has  funk  cpnfiderably,  156.  Of  the  retiring  of 
the  fea  from  various  coafts*  Equally  warm  as  the  interior 
parts  of  the  earth  at  the  fame  depths,  264.  Its  fluidity  not 
owing  folely  to  the  fun’s  rays,  265.  How  far  the  light  can 
penetrate  through  its  water,  266.  Has  covered  the  whole 
furface  of  the  earth  to  the  height  of  1500  or  2000  fathoms,. 
319.  Cafpian  fea  formerly  much  larger,  352. 

Sciences  firfl:  invented  in  the  north  of  Afia,  384.  Neither  origi- 
nated in  China  nor  in  India,  388* 

Scylla,  its  current  defcribed,  hi. 

Shells  found  in  the  bowels  of  the  earth  near  Toulon,  24.  Some- 
foflil  fhells  perfe&ly  fimilar  to  thofe  which  now  exift  in  the  fea, 
35,  36.  Places  where  they  are  found,  38,  39,  &c.  Often 
differ  from  thofe  in  the  neighbouring  feas,  40.  274.  Petrified 
more  numerous  than  foflil  fhells,  45,  46.  Beds  of  them  found 
in  the  Pyrennees,  223.  Likewife  found  in  the  Cordeliers, 
3*2*  And  in  the  Alps,  42,  43.  364, 

Siberia, 
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Siberia,  foffil  fhells  found  in  it,  40.  And  the  tufks  of  elephants, 
274. 

Sicilian  fea  has  funk  confiderably  within  thefe  2500  years,  156. 

Sicily,  Virgil  wonderfully  exadl  in  his  geography  of  it,  165. 

Slate,  of  petrified  fillies  found  in  it,  341. 

Soil,  vegetable,  account  of  it,  68.  Nature  of  that  at  the  bottom 
of  the  fea,  104. 

Solfataras,  neither  active  nor  extinguifhed  volcano’s,  203.  That 
near  Naples  defcribed,  203. 

Spitzbergen.  See  Greenland. 

Strata  of  the  earth,  a defcription  of  them  in  different  parts  of 
the  globe,  22.  24.  26—29.  36.  Of  their  inclination  in  moun- 
tains, 67. 

Steller,  his  remarks  on  the  volcano’s  of  Alia,  173. 

Sulphur  fublimed  in  Solfatara,  204. 

Sun*  of  his  difiance  from  the  earth,  p.  1.  Of  the  matter  of 
which  he  is  compofed,  3.  How  far  his  rays  can  penetrate  wa- 
ter, 262. 

Sweden,  height  of  its  mountains,  153. 

Switzerland,  the  height  of  its  mountains,  34.  Defcription  of 
its  glaciers,  359. 


T 

Taprobana,  a country  fwallowed  up  by  the  fea,  353. 

Teeth,  of  the  hippopotamus  and  elephant,  found  in  Siberia,  274. 
And  in  North  America,  275.  Enormous  ones  found  near  the 
banks  of  the  Ohio,  288. 

Teneriff.  See  Peak. 

Terra  Aufiralis,  of  the  many  fruitlefs  attempts  to  difcover  it,  14. 

Captain  Cook’s  voyage  and  difcoveries  in  the  South  feas,  15. 
Torré,  P.  de  la,  his  defcription  of  Vefuvius,  182. 

Toulon,  a defcription  of  the  ftrata  in  its  neighbourhood,  22. 
Tfchutfchis,  a people  who  pafs  from  Afia  to  America,  374. 

Turf,  concerning  its  nature  and  compofition,  233.  M.  Guet- 
tard’s  account  of  it,  234. 

Tufks  of  elephants  found  in  Siberia,  274.  And  in  North  Ame- 
rica, 275. 
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Ulloa,  Don,  found  petrified  (hells  in  the  mountains  of  Peru,  39. 

Vapours,  the  heights  at  which  they  freeze  in  different  places,  52* 

Vegetables,  man’s  power  of  changing  their  nature,  405. 

Virgil,  wonderfully  exaft  in  his  defcription  of  Sicily,  165. 

Vefuvius,  Mount,  a defcription  of  it,  152.  A feeble  volcano  when 
compared  with  Ætna,  153.  A wind  penetrates  the  mountain, 
172.  Its  ancient  compared  with  its  modern  ftate,  172.  Con- 
damine’s  account  of  it,  174.  179*  Its  height,  175.  Its  ftate 
in  the  year  1753,  ih.  P.  de  la  Torre’s  defcription  of  it,  182. 

Volcano’s  in  South  America,  51,  52.  Of  the  changes  they  un- 
dergo, 147*  That  of  Ætna  defcribed,  ib.  That  of  Vefuvius 
defcribed,  152.  Of  their  eruptions,  158.  Often  throw  out 
torrents  of  water,  168.  172.  Steller’s  remarks  on  thofe  of 
Alia,  173.  Volcano’s  communicate  with  the  fea,  173,  174. 
Of  extinguifhed  volcano’s,  192.  196. 

Voltaire,  an  apology  for  the  author’s  treatment  of  him,  34. 


W 

Water-fpouts,  a defcription  of  them,  189. 

Waters.  See  Sea.  Theory  of  running  waters,  72.  Defcriptioii 
of  hot  fountains,  206. 

Winds,  of  refle&ed  ones,  116.  Some  winds  have  a regular  va- 
riation, 123.  Of  their  violence  in  fome  countries,  128. 

Wood,  fubterraneous,  found  in  many  places,  237.  Examples  of 
foflil  wood,  343. 
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